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CHAPTER I. INTRODUCTION

The Lahontan Region is a peirt of the largest undeveloped terri-

tory available for expansion of the rapidly growing Southern California

urban-industrial coniplex. Because of the generally arid ajid semi-arid

nature of this region, however, the potential for future growth and

development within its boundaries is largely dependent upon the avail-

ability of adequate supplies of fresh water, of a quality suitable for

beneficial uses.

At present, ground water is the primary source of water supply

in the Lahontan Region; more than 90 percent of the water used for bene-

ficial purposes is obtained from the gro\md water basins of the region.

However, in some portions of the region the existing supplies of ground

water axe inadequate, even for current needs. At these points, agricul-

tural development and production, as well as other economic and cultural

development has been curtadled because of declining ground water levels

or impairment of ground water quality.

At the same time, ground water supplies in other portions of

the region either have never been developed, or have been developed only

in a very limited way. The additional supply resulting from the full

development of these ground water resources would probably alleviate some

of the existing water supply deficiencies in the region. But information

and data on the availability and quality of this potential source of

supply has been inadequate. Therefore, a systematic investigation of

ground water basins in the region was undertaken as an initial step in

developing this soiurce of supply.
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Tliis report presents the results of the geologic, hydrologic,

and water quality studies by which 55 ground water basins were delineated

in the Lahontan Region, and by which ground and surface waters occurring

therein were analyzed and classified for domestic and irrigation usages

in the region.

Authorization

The Department of Water Resources has undertaken this investi-

gation as part of the continuing evaluation of surface and ground water

quality problems in Southern California. Section 229, Chapter 2, Divi-

sion 1 of the California Water Code authorizes the department to conduct

these investigations:

"The Department, either independently or in cooperation
with any county, state, federal or other agency, to the
extent that funds are allocated therefor, shall investi-

gate conditions of the quality of all waters within the

State including saline waters, coastal and inland, as re-

lated to all sources of pollution of whatever nature and

shall report thereon to the Legislature and to the appro-

priate regional water pollution control boeirds annually,

and may recommend any steps which might be taJcen to im-

prove or protect the quality of such waters."

In addition, this investigation of the ground water resources

of the Lahontan Region has been made in support of the activities of the

Lahontan Regional Water Pollution Control Board, and the many local water

districts, agencies, water purveyors, and private citizens who have a

direct and very real interest in the region's water resources.

Purpose of Investigation

This investigation was undertaken as a necessary prerequisite

for the full development of the water siipply in the Lahontan Region. The

purpose of the investigation was to locate and delineate the ground water
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basins in the region to make possible a determination of ground and sur-

face vater quality in these basins, an important factor in the orderly and

efficient development of the area.

Scope of Investigation

During the initial phases of this investigation all available

geologic, hydrologic, and water quality data relating to the area of in-

vestigation, from the files of the department and other public and private

agencies, were reviewed and pertinent information extracted and compiled.

This information was supplemented by data from field work by departmental

personnel

.

Investigations in the field, extending from 1953 to 1962, in-

cluded geologic reconnaissances; locating wells and measuring water levels;

sampling ground and surface waters, and analyzing samples for mineral con-

stituents and radioactivity; and reconnoltering developed portions of the

area of investigation to determine land and water use.

Because of the vastness of the Lahontan Region and the recon-

naissance nature of most of the field investigations, all ground water

basin boundaries were not delineated with equal precision. Some of the

boundaries shown in this report were delineated on the basis of previous

investigations supplemented by surficial field examination; others, on

the basis of rather intensive geologic and hydrologic studies.

Based on these field and office studies, 55 ground water basins

were delineated in the area of investigation. To facilitate the study of

water resources these ground water basins were considered individually



and eire reported on individually where possible; the remainder were

grouped and are reported on in that manner.

Prior Investigations and Reports

Although this is the first comprehensive study of the entire

Southern California portion of the Lahontan Region, many previous studies

have been made of portions of the region. In a continuing program, the

IMited States Geologic Survey has cooperated with the Department of Water

Resources in mapping surface geology in a number of ground water basins,

and in obtaining and publishing well location and water level data for

wells in the region.

A list of reports of prior investigations which were consulted

during the course of this investigation is presented in Appendix B. Much

of the information and data used in the preparation of this report were

derived from these sources.

Area of Investigation

In several reports published previously by various agencies, the

area of the Lahontan Region included portions of Nevada and Utah, as well

as California. Ihe present investigation was limited to that portion of

the larger territory within the California borders. For this reason, the

term Lahontan Region will be used in this report to designate only the

area of investigation; that is, only the diminished portion of the larger

region, within the boundaries shown on Plate 1, "Location of Ground Water

Basins," will be referred to as the Lahontan Region.

Comprising an sirea of about 27,000 square miles, the Lahontan

Region in California lies generally east and south of the Sierra Nevada.



Its short northern boundary is formed by the Mono drainage divide, and

joined on the east by the California-Nevada state line which proceeds to

the southeast in a straight line. From the Juncture of the state line

and the New York Mountains, the southern boundary trends southwest

following the drainage divides of the Providence, Granite, San Bernardino,

and San Gabriel Mountains . The drainage divides of the Tehachapis and.

the Sierra Nevada form the long curve of the western boundary.

The area of investigation is in the jurisdiction of the Lahontan

Regional Water Pollution Control Board and includes portions of Inyo, Mono,

Kern, Los Angeles, and San Bernardino Counties. The principal cities and

urban communities are Barstow, Bishop, Lancaster, Mojave, Palmdale, and

Victorville.

The physiography, climate, and cultural development of the

Lahontan Region are discussed in the remainder of this section.

Topography

The Lahontan Region is divided into two distinct topographic

areas, generally north and south of the Garlock fault. A major structural

feature of the region, the fault passes south of the Tehachapi and El Paso

Mountains; traversing the region in a general northeasterly to easterly

direction, the fault passes south of Slate Range and separates the Owlshead

Mountains from the Granite and Avawatz Mountains. Near the Silurian Hills

the fault turns south and joins the Death Valley fault system.

In general, the area north of the fault is characterized by con-

trasting extremes of terrain. In this area, there are very high mountain

ranges whose jagged peaks and pinnacles give way in a series of precipi-

tous drops to low-lying intermontane valleys. Mt. Whitney at an elevation
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of 1*^^95 feet, and Badwater at an elevation of 280 feet below sea level

in Death Valley, 8u:e both located in this northern portion of the region.

In contrast, the portion of the Lahontem Region south of the

Garlock fault is generally characterized by eilluviated areas which are

relatively flat, broken only by numerous hills euad low mountains. These

gently rolling surfaces lie about 2,000 feet above sea level and have

been formed on weathered granitic bedrock.

Climate

The usual climate of the Lahontan Region is characterized by

low ajinual precipitation and low humidity. Temperatures vary considerably

throughout the area, and diurnal variations are often extreme. During

certain times of the year, strong winds sweep through the region.

The mean seasonal precipitation in the lahontan Region, gener-

ally increasing with altitude, varies from 1.7 inches or less at

stations in the desert valleys to about 50 inches on the higher slopes

of the Sierra Nevada. About 75 percent of the seasonal precipitation

occurs between November smd April, generally in the form of rainfall,

although the higher valleys and mountains receive snowfall during the

winter months. Precipitation in the desert basins is usually scant but

cloudbursts of extreme intensity occasionally flood and damage small

areas

.

Temperatures near 100° F. are common throughout the Lahontan

Region, except at the higher altitudes, during five to eight months of

the year. At the Greenland Ranch ( Furnace Creek Ranch) in Death Valley

a natural-air temperature of 139° F« has been recorded, the highest
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temperature of record in the United States. However, daily variations in

tenrperatures of 30 degress eind occasionally as great as k^ degrees have

occurred, and winter temperatures below freezing are quite common.

The winds which are almost constantly present in most of the

Lahontan Region are usually from the west; in the eastern portion of the

region the wind direction is variable but a southern congjonent usually

prevails during most summer months.

Cultural Development

Historically, cultural development in the Lahontan Region

centered around irrigated agricultiire, the raising of livestock, and

mining. Within the last two decades, however, the construction of exten-

sive military installations and manufacturing facilities has resulted in

a population influx which has radically changed the earlier patterns of

development, particularly in the western portions of the region.

Agriculture . Agriculture and the raising of livestock have

long been major economic activities in the Lahontan Region, and their

growth has been dependent upon the development of water supplies in the

region. Early settlers diverted flows of surface streams in the moun-

tain valleys for the irrigation of forage crops, and for livestock water-

ing. Later, ground water sv5)plies were developed to support increasiiag

acreages of irrigated crops. The fertile lands of the Owens Valley were

first developed in the late l860's; in the Antelope Valley, diversions

from mountain streams for agricultural purposes were first recorded in

the 1870 's.
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About 1880 ground water supplies began to play a more important

role in the agricultural development of the Lahontan Region. Artesian

wells were drilled in the lower Antelope Valley area, producing good

quantities at depths ranging from 200 to 5OO feet. The introduction of

electric power to this valley in 19l4 provided an additional stimulus for

the use of ground water for irrigation; by 1950, some 50,000 acres were

being irrigated.

Since 1950^ however, the area of irrigated agriculture in the

Antelope Valley has been decreasing. The lowering of ground water levels

in that portion of the Lahontan Region has brought about higher pumping

costs, making continued development along these lines uneconomic.

A similar decrease in irrigated agricultural acreages took

place in the Owens Valley at a much earlier period, but for a different

reason. The growth of the City of Los Angeles had made the acquisition

of additional water supplies inperative, as early as 190? • By 1913^ tiie

city had begun acquiring and conveying a major portion of the available

water from the Owens Valley to the Los Angeles metropolitan area, through

the Los Angeles aqueduct. In 19^^ almost the entire water supply of the

Mono Basin was similEirly acquired. As a result, irrigated agriculture has

been virtually eliminated from the economy of the Owens Valley and the

Mono Basin.

Despite these decreases, however, the total acreage devoted to

irrigated agriculture in the Lahontan Region has remained fairly constant;

increased acreages in other portions of the region have offset these local

decreases.



Mining . Mineral deposits are vridespread and mining activity

has been economically important in the Lahontan Region since gold was

discovered in the l860's. Both metalliferous and non-metalliferous de-

posits occur in various portions of the region.

The principal metalliferous deposits are silver, lead, zinc,

and iron; tungsten and gold also occur in several mining districts. The

major silver, lead, and zinc deposits lie in a belt extending south

through the Iiayo Mountains, the Argus Range, and the Darwin District of

the Northern Slate Range. Most of the larger iron deposits lie south

of the Garlock fault near Silver Lake and Cave Canyon; extensive tungsten

deposits have been mined near Bishop and Atolia.

In 19^9 an important discovery of rare-earth mineral deposits

was made in the Moxmtsdn Pass District in northeastern San Bernardino

County. One deposit, the Sulphide Queen carbonate body, is the greatest

concentration of rare-earth minerals now known in the world. Bastnaesite

and monazite from this deposit are processed to yield oxides of lantha-

num, ceriim, and yttrium. The district also contains deposits of

barium, strontiiim, thorium, and minor quantities of other metals.

Mon-metal 1 iferous deposits of economic importance occurring in

the Lahontan Region include limestone, talc, pumice, perlite, and ex-

pansible shales. The limestone deposits occur principally in the Oro

Grande, VictorvlUe, and Monolith district; the other minerals are found

in local deposits throughout the region.

Saline deposits are being mined extensively in the Searles Lake

and the Kramer borate districts. These naturally occurring salt solutions
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and soluble residues yield commercial quantities of borates, calciiim and

sodium chlorides, bromines, iodine, and other salts.

Population . The population of the Lahontan Region is primarly

concentrated in a few, relatively small urban communities; beyond these

small towns and cities, the population is widely scattered in rural

and mining settings. Recently, the advent of major military and asso-

ciated industrial installations in the southern portion of the region,

particularly near Barstow, Lancaster, and Palmdale, has produced an in-

flux of permanent residents.

There have also been large increases in the seasonal population

of recreation areas in Owens Valley and Mono Basin in the northern por-

tion of the region. This seasonal influx greatly exceeds the nvunber of

permanent residents in these areas.

The population of six principal urban centers in the Lahontan

Region, based on U. S. Census Bureau data for the years 19^, 1950, and

i960 is shown in the following tabulation:

Population of Principal Urban Centers
of the Lahontan Region, 19^10-1960

Year Bishop Mojave Lancaster Palmriale Barstow Victorville

19i40 3,000 1,200 3,500 1,U00 2,500 2,000

1950 5,700 2,100 8,300 2,700 6,100 3,200

i960 5,800 1,800 33,000 18,800 12,000 8,200

Drainage Basins and Grotxnd Water Basins

The Lahontan Region has been divided into U drainage basins

with boundaries shown on Plate 1. These boundaries are identical with
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those given in Water Quality Investigations Report No. 3, "Ground Water

Basins in California, " published "by the Division of Water Resources in

November 1952. The boimdaries of the drainage bsisins were established

on the basis of physiographic and hydrographic features; each drainage

basin comprises an individual watershed, ranging in area from a few

square miles to hundreds of sqixare miles.

Hhe ground water basins delineated during the course of this

investigation are designated by the numerical code and name shown on

Plate 1. They are groTJ5)ed according to the drainage basin within iriiich

they occur, and are discussed in -Chapter V according to their numerical

sequence within the drainage basin.
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CHAPTER II. GEOLOGY

The general geology of the Lahontan Region and the geo-hydrologic

relationships in the region are discussed in this chapter. Detailed dis-

cussions of those geologic features which significantly affect the hydro-

logy of the major ground water basins are included in the descriptions

of the individual basins given in Chapter V.

The objectives of the geologic investigation were to ascertain

the sireal extent and water-bearing characteristics of the various geologic

materials in the Lahontan Region; to determine the hydrologic significance

of the prominent structural features of the area; to locate and evaluate

the hydrologic characteristics of the ground water basins identified in

the region; and to determine the mode of occurrence, the movement and the

ultimate destination of ground water.

The areal geology was compiled from published suid iinpublished

data, 8uid from extensive reconnaissance field mapping. Because the

geologic investigation was primarily a study of geology as related to

water resources, and particularly the groiind water supply, the geology

of the nonwater-bearing rock was not intensively investigated. However,

the results of previous Investigations of these geologic materials were

checked in the field and structures that appeared to influence the

occurrence or movement of groTind water were studied more thorovighly.

The physiography, soil morphology, geologic units, structure,

and geologic history of the Lahontan Region are discussed in this chapter;

The major geologic features of the individual ground water basins are

discussed in greater detail in Chapter V.
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Physiography

Of the eleven geomorphic or physiographic provinces comprising

the State of Ceilifornia, portions of four are in the area of investigation:

the Transverse Fianges, Sierra Nevada, Basin-Pianges, and Mojave Desert

provinces (Jenkins, 19^3 )• The most striking physiographic features of

each of these four provinces within the Lahontan Region are described in

this section.

Transverse Rsmges Province

The Transverse Ranges province Is an elongate structural unit

trending east-west for a distance of about 225 miles across portions of

Santa Barbara, Ventura, Los Angeles, San Bernardino, emd Riverside

Counties. The province ranges in width from about 50 miles at Its west-

em end, to 15 miles in the Cajon Pass area, and 30 miles in the middle

part of the San Bernardino Mountains.

The Transverse Ranges province has been classified by Bailey

and Jahns (195^) Into 13 topographic units. Of these only the San

Gabriel and San Bernardino Movmtalns lie within the investigational area.

The topography of much of the area indicates a late youthful to early

mature state of erosion. Sharp, rugged ridges and narrow, steep- sided,

deeply incised valleys characterize the more youthful areas. Most of

the streams are intermittent and flow only diiring the winter and spring.

Severeil large alluvial fans have formed at the mouths of the canyons from

streams discharging onto the floors of the Antelope Valley and the Upper

Mojave River Basin. The province contains nvimerous marine and nonmarine

terraces, upland siorfaces of low relief, eind feiult controlled valleys

and canyons.
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Sierra Nevada Province

Extending for over ^400 miles from the southern Cascade Remge

south- southeast to the Tehachapi Moiintains is the Sierra Nevada, the

greatest of California's mountain ranges. It is the most nearly contin-

uous and the highest range in California, reaching its maximum elevation

of l4,495 feet at Mt. Whitney. The Sierra Nevada is a westward-tilted

block with a steep, high eastern front and a relatively gentle western

slope. The portion of the province lying within the area of investiga-

tion contains extensive evidence of past glacial activity. Lateral,

medial, terminal, and recessional moraines are prominent along the west-

ern side of Owens Valley. Glacial lakes or "tarns", hanging valleys, and

cirques are further evidence of glacial, activity in the Sierra Nevada

province.

Basin-Ranges Province

The portion of the Basin-Ranges province in the area of

investigation lies north of the Mojave Desert and east of the Sierra

Nevada provinces. Interior and Integrated drainage, saline lakes, euid

desert climatic conditions characterize the area. A large number of

northwest trending mountain ranges, desert plains, and basins are in the

area. The grabens or troi;ighs which lie between the northwesterly

trending movmtaln blocks eire general Ty long and narrow, bordered by

precipitous slopes, with playas at points of lowest elevation. This

province also contains alluvial fans and aprons, fault features, shore

featvires of ancient Pleistocene lakes, and abandoned drainage courses.

Mountains which trend in a northwesterly direction are fault-

controlled whereas numerous others are eroslonal raanants and have no
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definite pattern. Among the former are the Inyokern Movintains (maximum

elevation 11,127 feet), Panamint Mountains (mfiuximian elevation 11,3^5

feet), Slate Range (majciminn elevation 5^093 feet). Black Mountains (maxi-

mum elevation 6,384 feet), Argus Range (msucimum elevation 6,562 feet),

and the White Mountains (maximum elevation lU,2U2 feet). Mountains which

have no definite trend Include the Kingston Range (maximum elevation 7,320

feet), Owlshead (maximum elevation U,675 feet), and the Quail Mountains

(maximum elevation 5>103 feet). Owens, Panamint, and Death Valleys com-

prise the valley portion of the Basin-Ranges province.

One of the most interesting physiographic features of the Basin-

Ranges 'province is the surface expression due to volcanic activity. At

no other point in the Lahontan Region are the volcanic rocks so diverse

or so well displayed. A volcanic field, consisting of numerous cinder

cones and lava flows, occurs between Big Pine amd Independence in Owens

Valley. Crater Mountain, the most prominent of these craters, rises 2,000

feet above the valley floor. Mono Craters extend southward from Mono Lake

for about 10 miles, and consist of cinder cones as high as 2,700 feet.

Mono Lake, in the extreme northerly portion of the province^

occupies a fault basin east of the central portion of the Sierra Nevada.

Mono Lake is about Ik miles wide, 10 miles long, and has a maximum depth

of 150 feet. During the last two glacial episodes, this area was occu-

pied by a much larger body of water, Leike Russell, which was about 900

feet deep.

Mojave Desert Province

Ttie Mojave Desert province is separated from the Basin-Ranges

province on the north by a line which corresponds in part to the trace of
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the Geurlock favilt. The province is bordered on the northwest by the Sierra

Nevada and on the south and southwest by the Colorado Desert and the

Trsuisverse Ranges.

The portion of the province in the area of investigation is

characterized by broaxi regions of mountain ranges separated by vast desert

plains. Isolated hills such as Castle Butte (elevation 3>1^5 feet) and

Black Butte (elevation 3^684 feet), emd mountains such as Red Mountain

(elevation 5,270 feet) and the Shadow Mountains (elevation 4,039 feet)

rise above the plains. The mountain reinges in the Mojave Desert province

are also lower in elevation and more deeply dissected thsm those to the

north. Extensive areas of extremely low relief contain basins whose size,

shape, and arreuigement vary widely. Draineige is enclosed and integrated.

Evidence of volcanic activity is not prominent and evidence of

glaciation has not been observed. Playas, alluvial fans, and sand dunes

occur throughout the province. The Mojave River, one of the largest

rivers in the Leihontan Region occurs in this province, extending about 115

miles from its headwaters in the San Bernardino Movtntains to its terminus

in Soda Lake.

A rec\irrent physiographic feature of the desert basins is the

playa, or dry lake which occurs in the lowest areas of surface drainage.

Playas are generally sites of deflation, rarely subject to deposition of

sediments. The thickness of the playa deposits of Recent age has not been

determined accurately but it is probably as great as 100 feet in the

larger playas. Older underlying lake sediments which are much thicker,

were deposited dviring the Pleistocene. The section throtigh an idealized

desert ground water basin, shown as Diagram 1, indicates genersLL playa
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DEPARTMENT OF WATER RESOURCES, SOUTHERN DISTRICT, 1963

DIAGRAM I. SECTION THROUGH AN IDEALIZED

DESERT GROUND WATER BASIN
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characteristics. On the "basis of subsvirface drainage conditions and

approximate depths to water. Stone (1952) has classified playas into five

types: dry, moist, compound, crystal body, and artificial.

The dry playa has a hard, smooth, flat, usually cracked surface

which is wet only during or immediately after periods of rain. Its

sediments have a low concentration of soluble ssuLts but a high concentra-

tion of calcium carbonate. The water table is located more than ten feet

below the playa surface, and ground water probably has a subsurface route

of escape, otherwise the water table woxild eventually rise above the ten-

foot limit.

The moist type playa exhibits an irregular puffy, rolling

surface sind has a thin fragile or brittle crust of salt or clay. Beneath

this crust is a layer of soft, spongy ground, with a honeycomb structiore.

The water table is within ten feet of the surface. Moist playas can be

differentiated into those that have a clay-encrusted surface smd those

that have a salt-encrusted surface.

The compound playa is formed by the rise and the fall of the

water table through the ten-foot limit and this type has characteristics

of both the dry and moist types.

The crystal body playa overlies a zone of nearly pure salt.

The interstices of this salt body are filled with brine. The crystal

body may occur near or at a considerable depth below the surface. In

Searles Dry Lake, for example, the top of the crystal body lies at a

depth of 90 feet. The portion of the playa which siorrounds the area

directly overlying the crystal body is usually of the moist, saJLt-encmisted

type. The thick, bvuried salt deposits of crystal body playas probably

-21-



o

O V

p< 3

a

I"

g"^

Id op >>
a <d

O rH

a
+>

o
P<
V



a
o

t

a
•H
a
o

a
V

^ s

O



resulted from a single cycle of evaporation of large Pleistocene ledces

under eu-id conditions. Overlying or interbedded mud layers are sediments

which were deposited during the periods of moist climatic conditions.

There are a few artificial playas as a result of man's activi-

ties. The "best example of an artificial playa is Owens Dry Lake. This

dry lake resulted from diversion of the natural surface water replenish-

ment to Owens Lake and evaporation of the existing water body.

Data on location, area, type, and use of the playa laJces axe

listed on Table 1.

Soil Characteristics

The desert soils of the Lahontan Region are usually light in

color, are generally deficient in phosphorus and nitrogen, and sire usually

lacking in organic matter. Except on river terraces and a few other older

alluvial land forms, the soils appear to have little profile developnent

.

In the northern and eastern portions of the region the soils appear some-

what coarser than those in the western and southern portions; the action

of the prevailing winds is a dominant factor in the region, creating

desert pavements in some areas.

The textiure of the soils on the upper slopes of the alluvieuL

fans is generally coarse, and the combination of soil texture and terrain

makes these upper slopes generally unsuitable for most agricultural uses.

Finer textured soils are found on the lower slopes of the fans, on the

piedmont plains, and in the playas. The soils and terrain of the lower

slopes and plains permit these areas to be used for agriculture, but the

dense clays and the high salinity of most of the playa soils generally

prohibit the use of playas for agricultural purposes.
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The soils in most of the region support light to heavy cover

of typical desert flora. Desert bunch grass and desert sage flourish in

areas of better soils, and creosote bush is interspersed with Joshua

trees at certain elevations

.

Geologic Units

Ground water occurs in several different types of geologic

materials in the Lahontan Region. Almost all of the readily extractable

ground water is stored in the larger silluvial-filled valleys, which have

a distinct shape, depth, and permeability. The valley fill is eroded

from the surrounding highlands and varies from unconsolidated to poorly

consolidated water-beetring alluvium of variable thickness. It is comjxDsed

of flood plain and alluvial fan deposits which range in a^e from Recent

to Pliocene. Small quantities of ground water are also found in older

sediments and in the volcanic rocks which flank or underlie several of the

alluvial-filled vsilleys.

The mountains of the desert region consist of sedimentary,

igneous, and metamorphic rocks ranging in age from Precambrian to Quater-

nary. These various rock types underlie the basins forming the impermeable

sides ajid bottoms of the basins.

In the following descriptions of geologic units, the geologic

formations or units of the Lahontan Region have been differentiated with

respect to their hydrologic properties and their lithologic character-

istics into \inconsolidated deposits and consolidated rocks. Table 2

presents a brief description of these units.
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Unconsolidated Deposits

The unconsolidated deposits comprise the following units:

alluvium, dune sand, playa deposits. Pleistocene lake deposits, Pleis-

tocene glacial deposits, and Tertiary and/or Quaternary sediments. The

geologic characteristics of these deposits are discussed In this section.

Alluvium . Alluvium underlies the undlssected alluvl&l surfaces

of the lovrer valley areas. Alluvium Is exposed between the lower margins

of alluvial fans and the upper edges of the playas and In creek beds and

arroyos. It has a greater areal extent tham any other unit In the water-

bearing group. Alluvium Increases In thickness from the edges of the

basins to their central portions. The central portions of the basins are

underlain by unconsolidated alluvial debris probably more than 1,000 feet

thick, which was deposited during late Pleistocene to Recent time.

Alluvium consists of unconsolidated deposits of clay, silt,

sand, and gravel. Some of the clean sands and gravels form the most pro-

lific water-bearing sediments. Other deposits are poorly sorted euid some

contain a large eimount of fine material. Some deposits were subjected

to long periods of weathering before they were buried and now contain a

large amount of residual clay. The finer sediments include both silts and

clays

.

Gtenerally, alluvial materials of the same lithology are not

continuous over extensive areas . The more i)ermeable strata occur in

stringers and lenses that are usually surrounded by less permeable sedi-

ments. Such stringers suid lenses were deposited in the channels of streams

which gradually filled the basins with alluvial material. While the stream
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channels vere being filled with sands and gravels, siirroundlng interstream

areas received only fine deposits fran sheet flooding and overflowing of

the stream channels. Weathering has also increased the amount of residual

clay in the deposits. Thus, weathering and these various modes of deposi-

tion account peurtly for the nonhomogeneous distribution of the alluvium.

The principal water-bearing sediments in the region are

usuflkLly found in the alluvial deposits. The water-bearing sediments are

neither compacted nor cemented and the sands and gravel eu:e usually highly

permeable

.

Dune Sand . The sand dimes in the Lahontan Region are auitively

drifting, but locally they are obstructed or are anchored by vegetation.

The sand dunes usually are a few feet thick, but in some areas they are

seversuL tens of feet thick. The largest deposit is south of Soda Lake in

Saji Bernardino County and extends from Crucero, on the west, to Kelso

about 21 miles to the east. Other large deposits occur along the periph-

ery of the dry lakes. Many of the smaller dimes were formed by deflation

of the Recent a]J.uvium, older sediments, or playa deposits.

The dime sand deposits usually lie above the water table and

are vmsatixrated. However, they are porous and permeable and will resuiily

transmit any water falling on their s\irfaces to imderlying sediments.

Playa Deposits . The playa deposits are widely distributed in

the region. Individual playas vary in area from less than one square

mile to as much as 175 square miles. The playa deposits which imderlie

the surfaces of the dry Isikes have accumulated from material in shallow

bodies of standing water that covered the lower portions of the basins
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during floods. The thickness of the playa deposits ranges from a few feet

to as much as 100 feet. In some areas, wind action is eroding and remov-

ing playa deposits. The playa deposits probably overlie deposits of

Tertieiry and Quaternary age unconformably eind interfinger laterally with

alluvial debris of late Pleistocene and Recent age.

Fine sands, silts, and clays ccmpose the playa dejiosits except

along the periphery of the playas where alluvium interfingere with plays

sediments. Blue or green Pleistocene lacustrine deposits often underlie

the buff or brown surface dejxDsits.

The fine-grained playa deposits generally have a low perme-

ability, and even when they are saturated, yield very small quemtities

of water to wells. Where they act as confining beds, playa deposits often

cause artesian conditions in the underling sediments.

Pleistocene LaJce Deposits . These deposits of late Pleisto-

cene age are exposed north of Mono Lake, on both sides of Long Valley,

south of Shoshone, and in many other areas in the Lahontan Region. The

largest outcrops are on both sides of the Amargosa River south of Shoshone

and have been mapped as the Tecopa beds by Mason (19^). In surface

expressions these beds are characterized by badland topography. Lake

Tecopa probably occupied an irregular basin which was about 15 miles in

diameter. The lake was fed by the Amargosa River, which flowed in a

southward direction and had an outlet south of Tecopa. Downcutting of

the outlet led to draining of the lake and dissection of the lake deposits.

The Isike deposits generally consist of silts and sands with

subordinate layers of volcanic ash and bentonite. The sands are frequently
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well-sorted, and crossbedded, and are interbedded with leases of fine

silt euid clay. Although many surface exposures are we3JL-sorted sands,

the lake deposits are thin and may be underlain by fine-grained sediments

which probably would not yield copious amounts of water.

The lake beds are exposed along the highway leading from Baker

to Barstow. These well-indurated clay and sand beds which are dissected

and slightly deformed, attain a thickness of about 75 feet. About 25 miles

west of Baker, a well-preserved gravel bar marks the former position of

the shore of Lake Manix, which in Pleistocene time covered an area of

about 200 square miles.

Pleistocene Glacial Deposits . The principal Pleistocene

glacial deposits consist of moraines occurring locally along the eastern

foothills of the Sierra Nevada. The largest exposures occur in Inyo and

Mono Counties in the vicinity of June Lake, in the Round Mountain area

west of Big Pine, and on the mountain slopes north of Camp Sabrina.

Most of the glacial moraines are 50 feet to 100 feet high with

some moraines forming ridges which are 200 to 300 feet high. Material

comprising this unit varies in size from clay to very large boulders.

Most of the glacial deposits are characteristically unstratified and

include numerous rock types. Because very little soil has been developed

on the moraines, they are nearly devoid of vegetation.

The Pleistocene glacial deposits are porous, permeable, and

capable of storing axid transmitting water. Because of their topographic

location, however, most of these deposits can be drained easily' and

therefore may contain little water. Drilling is expensive in the morainal

material so few wells tap the moraines as a source of water supply.
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Tertiary and/or Quaternary Sediments . This geologic unit com-

prising older alluvial fan, lacustrine, and saline deposits, is exposed

in many parts of the Lahontan Region. The largest exposure extends

northward from the base of the San Bernardino Mountains and follows the

course of the Mojave River through Victorville to Helendale. At Helendale,

the river turns eastward, whereas the geologic unit follows a tributary

to a point about 12 miles northwest of Helendale.

Near Zurich, in the northwestern part of Inyo County, the unit

is well exposed in a dissected alluvial fan which is about 200 feet thick.

This fan was mapped as the Waucoba Beds by Walcott (l897)' The unit also

includes a tilted block of older alluvium located south of Barstow. The

unit underlies most alluvial deposits in the basins and it may be as much

as 2,000 feet thick.

The Tertiary and/or Quaternary sediments are slightly to moder-

ately deformed with dips ranging from 1 to 20 degrees . These sediments

are the oldest deposits of the unconsolidated series. The sediments

generally rest unconformably on older, consolidated sedimentary rocks or

on igneous or metamorphic rocks. The stratigraphic position and the

slight deformation indicate that these deposits are late Tertiary to early

Quaternary in age; this is confirmed by fossil evidence in the Afton

Canyon area.

This geologic unit consists predominantly of sediments origin-

ating from a variety of igneous and metamorphic rocks . Lesser amounts

of volcanic detritus have been deposited as alluvial fan, flat-lying

flood plain, and lacustrine deposits. The sediments are genersaiy well

sorted in a few areas but very poorly sorted in other localities . In
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the area between Goldstone emd Coyote Lake, near Camp Irwin, the material

is generally coarse at the base of the unit and grades upward into finer

phases.

The water-bearing character of the Tertiary and/or Quaternary

sediments varies. The upper portions of the unit are often deeply

weathered and contain abundant clays yielding little water to wells. In

areas where the unit iinderlies and merges with younger sediments, it is

saturated, but wells that tap this vinit for ground water supply are

usually more than 100 feet deep. Some dcmestic wells obtain small quan-

tities of water from older alluvium south of Barstow.

Consolidated Sedimentary, Igneous, and Metamorphic Rocks

The consolidated sedimentary, igneous, and metamorphic rocks are

genereuLly nonwater-bearing . They include five igneous and metamorphic

rock units which range in age from Precambrain to Traissic, and six

younger units which include various types of volcanic rocks and associated

sediments ranging in age from early Tertiary to Quaternary.

In the Lahontan Region, more than one hundred formations have

been differentiated within these categories but because this report is

primarily concerned with the water-bearing potentisd. of rocks, the

nonwater-bearing rocks are not discussed in detail. However, they have

been grouped into the eleven major iinits described on Table k.

Structure

The rocks in the Lahontaui Region have been greatly deformed by

faulting and, to a lesser degree, by folding. Although the San Andreas

and Oarlock faults are the largest prominent faults in the region.
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smaller and less apparent faults are more Important hydrologically be-

cause they may obstruct ground water movement and thus form the basis for

dividing the larger ground water basins into smaller entities.

Faulting

Because many of the numerous faults in the region are masked by

alluvial materials, their magnitude and extent are unknown. The sca]*p of

the Sierra Nevada, which rises over 10,000 feet above Owens Valley, and the

scarp along the west face of the Black Mountains, which slopes about 35

degrees toward Death Valley, are- two of the most prominent fault scarps in

the Lahontan Region. The west face of the Panamint Range is a fault scarp

characterized by triangular faceting which has been formed by erosion of

the scarp by transverse stream drainage. A few of the more important faults,

from the standpoint of ground water resources, are discussed in this section.

San Andreas Fault . The southwestern portion of the Lahonteua

Region is bounded by the San Andreas fault, which extends a distance of

about 600 miles from the Gulf of California, northwestward through the

Colorado Desert, Transverse Ranges, and Coast Ranges, and thence offshore

for em unknown distance northwestward from Point Arena. The San Andreas

fault zone comprises many local subparallel faults and in some places is

many miles wide. Principeil movement along the fault is right-lateral; that

is, the northeast side of the fault zone moves southeastward and the south-

west side moves northwestward. The course of the fault along and adjacent

to the Sierra Pelona and Sfiin Gabriel Mountains is clearly defined by val-

leys, aligned saddles, ssig ponds, offset streams, and alignment of springs.
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The general features of the San Andreas favlt in the Lahontan

Region can best "be seen in the vicinity of Pearblossom. There the

emgular oinconformity between the flat-lying Pleistocene conglomerate and

the underlying steeply dipping sandstone of the Punchbowl formation is

well exposed. The main trace of the fault is exposed also at the Palmdale

Reservoir, where a south-facing fault scarp has been utilized as a

natural dam in constructing the reservoir.

Garlock Fault . From its intersection with the San Andreas

fault in the Teheujhapi Mo\mtains, the Garlock fault runs northeastward

for about I50 miles to the Slate Range. At that point, the fault ttims

eastward and runs along the north edge of the Granite Mountains to the

northern slopes of the Avawatz Mountains. The Garlock fatilt separates

the Basin-Ranges Province and the Mojave Desert Province.

The fatilt trace is generally straight, steep, and clearly

defined. The fault zone is several miles wide, except in a few areas

such as the area south of Searles Lake, where it appears as a simple

fracture.

Displacement silong the fault is mainly left-lateral, but normal

faulting has also occurred. From the Slate Range southwestwGurd to Gorman,

the block lying northwest of the fault has risen with respect to the

southeast block.

Movement of the Garlock fault during Quaternary time effected

closure of several valleys and caused modification of the valleys to

form interiorly-drained basins. Near the town of Garlock, faulting has

displaced a large alluvial fan and formed a prominent fault scarp.
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Approximately fovir miles north of Garlock, large fault blocks have been

downdropped to form depressions which clefitrly mark the fatilt trace.

Numerous springs along the favilt trace indicate that the Garlock fault

obstructs ground water movement.

Favilt s East of the Sierra Nevada . Recent fault movement in the

Owens Valley has occurred along the fault zone bordering the eastern

front of the Sierra Nevada. Nesirly aJ.1 the mountains in this area are of

fault block origin.

As previously mentioned, parallelism is noticeable in the

arrangement of the mountains and the valleys. This pareillelism is most

prominent in the Slate and Panamint Ranges which are separated by

Panamint Valley, and in the Panamint and Amaxgosa Ranges which are sepa-

rated by Death Valley. The valleys are downdropped blocks or grabens,

and the movintains are uplifted blocks or horsts. Variations in depths to

bedrock in alluviated valleys indicate that tilting has accompanied

faulting.

Faults in the Mojave Block . The Mojave Block is a term applied

by Hewett (195'*^) to the part of the Mojave Desert that lies between the

San Andreas fault on the southwest and the Garlock fault on the north.

Structural features on each side of this block have little similarity to

those within the block. Hewett believes that the Mojave Block was

involved in the Jurassic ajid Cretaceous orogenies, and that by middle

Miocene time, when the first Tertiary deposits were laid down, this block

had been uplifted as much as 20,000 feet in relation to the areas to the

north ajid south of it.
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Faulting has divided the Mojave Block into two systems: a

northwesterly trending group of faults which are subparallel to the San

Andreas fa\ilt and a system of faults in the northeastern portion of the

Mojave Block which has no dominant trend. Most of the faults which

parallel the San Andreas fault generally range in length from 3 miles to

20 miles, some favilts as long as kO miles. Reverse, normal, and scissor

faults have been observed in the field. Recent movement is shown by

sceurps and sag ponds, and abrujjt water level variations have been used to

detennine the location of faults buried by the Recent alluvium.

Folding

In general, geologic materials yovmger than Pliocene age have

not been appreciably affected by folding. Older alluvial material in the

basins probably has been downwarped by the large quantities of debris

deposited by streams emanating from the sxirrounding highlands. One of the

most prominent folds in the Lahontem Region is an east-west trending

syncline north of Barstow. This syncline consists of folded beds of

Tertiary age which have also undergone some faulting.

According to Thompson (1929), the folds located by Buwalda

(I9l4) at the east end of the Alvord Mountains, about 20 miles northeast

of Barstow, and the eastward trending folds located by Keyes (19IO) in the

sediments of the old Borate mining district on the east side of the Calico

Mountains, may be on the same line of deformation as that which has

affected the Tertiaiy sediments of the Barstow syncline. Folds have also

been noted by Thompson (1929) in the Kingston Range, and in the Tertiary

sediments of southern Death Valley.
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Geologic History

The geologic history of the Lahontan Region is extremely com-

plex, and each of the various geomorphic or physiographic provinces

comprising the region is cheuracterized by a distinguishing geologic

record. This section summarizes the dominant geologic occurrences in the

history of the region.

In Paleozoic time, alternate periods of continental emergence

and submergence occurred. That is, areas that were once above sea level

were inundated for a period of time, after which the water receded and

the areas once more were above sea level. During this time, a major

geosyncline or basin existed in the Mojave Desert province. From Middle

Cambrian through the Cretaceous, the basin filled with marine sediments.

During Jurassic time, the Basin-Ranges province was part of a vast area

which underwent structiirail deformation.

Near the end of the Jurassic, a great batholithic intrusion

occurred throughout the region and near the end of this period, or in

early Cretaceous time, the Mojave Block and the Transverse Ranges began

to be elevated. While the moxmtain blocks were being elevated to form

high upland areas of bold relief, vigorous erosion occurred which event-

ually resulted in a topography consisting of broad lowlands interrupted

by hills and ridges.

During early Tertiary time, the entire region iinderwent pro-

longed erosion, accompanied by re-elevation with the Mojave Block

continuing to rise well into mid-Tertiary time to a maximum elevation of

15^000 feet. In middle Tertiary time, marine seas covered the western

portion of Antelope Valley. Subsequent to the deposition of upper
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Tertiary sediments, further deformation occurred in late Tertiary time,

accompanied "by volcanism, erosion, eind sedimentation. Almost all of the

Tertiary sediments were faulted and folded. Structural deformation

throughout the provinces was not contemporaneous, with some movements

beginning earlier and continviing later in some areas than in others.

The volcanism that occurred during Tertiary time was accom-

panied by the deposition of sediments. As a result, basalt flows are

interbedded with tuff, ptmilce, and eilluvlal debris to form extensive

geologic \mlts.

During Miocene and Pliocene time, a portion of the desert

drained to the San Joaquin Valley (Axelrod 1956), and may have drained

toward the Los Angeles area. Drainage systems were altered by diastro-

phlsm occurring in the late Tertiary when most of the present mountains

and valleys were formed-

A study of the Pleistocene history enables geologists to

determine the origin of present day drainage systems. Although the

various basins emd drainage systems were formed by late Pliocene time,

heavy precipitation diiring intervals of Pleistocene glaciation modified

the landscape closer to Its present form. Aggradation and erosion have

continued and have conceeJ-ed much of the older landscape.

During the Pleistocene, the southwestern portion of the United

States, including the Lahontan Region, was subjected to at least foiir

major episodes of glaciation which lasted many thousands of years. These

four episodes were interrupted by longer intervals of warm climatic condi-

tions similar to those of the present day. Blackwelder (1931 ) has termed
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the most recent of these glacial episodes the Tioga and successively older

episodes the Tahoe, Sherwin, and McGee.

According to Blackwelder, the snow line descended to an eleva-

tion of 6,000 feet in the Sierra Nevada dviring Tioga time. Glaciers

which formed at higher altitudes moved downward as low as 4,000 feet.

Streams emanating from the Sierra Nevada and other high moun-

tains drained into lowland basins, filling some of these hasins to form

extensive lakes. As the water frcsn these lakes overflowed, it cut gaps

through portions of the shoreline and spilled over into successively

lower regions, thus integrating the drainage. The geologic record of the

existence of lakes of Tioga age is clearly defined by wave cut terraces,

spits, 6uid gravel bars. Where deep trenching through surficiaj. deposits

has occvirred, as in the narrows of the Mojave River neetr Afton, the

lake sediments are well exposed.

A brief description of the Pleistocene history of the more

important areas in the Lahontan Region is given in the following para-

graphs .

Death Valley probably contained leikes during all the glacisil

episodes. It may have received drainage from Owens River on the west,

from the Mojave River on the south, and fron the Amargosa River on the

east. These drainage systems are shown on Diagram 2. The Amargosa River

is presently the only major river which flows into Death Valley, with

such flow occurring only after heavy precipitation and runoff. During

the Tahoe episode. Lake Manly, the largest of the Pleistocene lakes,

inundated Death Valley. This lake was about 600 feet deep, ll6 miles
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long, and 12 miles wide. Ancient shore lines, gravel "bare, and terraces

Indicate the existence of this great lake.

Small fish which Inhabit some of the springs and streams in

Death Valley are morphologically similar to fish in the Colorado Mver.

This similarity indicates that a connection probably existed at one time

between Death Valley and the Colorado River. Death Valley may have been

connected with the Lahontan Region in Nevada by a route along the east

side of the Panamint Range. Some scientists believe that Lake Manly in

one of its early stages may have overflowed southward and southeastward by

way of Ludlow into the Colorado River. As the waters of Lake Manly evapo-

rated, the salts in solution were precipitated to form the saline deposits

which are now part of the valley floor.

During periods of glaciation, the Owens River filled the portion

of Owens Valley south of Lone Pine and formed Lake Owens, a lake which

covered 200 square miles and. was I90 feet deep. When this lake overflowed

at its south rim, the Owens River cut a notch into the lava flow which

now forms the southern periphery of Little Lake. As this ancestral river

emerged into Indian Wells Valley, it formed an extensive lake about 100

feet deep, which is presently indicated by the China Lake saline deposits.

The stream emanating from Indian Wells Valley cut through a ridge on the

east side of the valley, and overflowed into Searles Basin to the east

to form Lake Searles. This lake was 375 feet deep and I6 miles long and

was formed during the last of the glacial episodes. Although the lake

may have had an outlet during earlier stages of glaciation, it had no out-

let during the latter stages of glaciation. Evaporation of this lake
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resulted in the accumulation of thick saline deposits which are now mined

for commercial purposes.

This area Mas occupied at least once by a more extensive system

of lakes whose water level \to.s over 600 feet above the present level of

China Dry Lake . The China and Searles Basins at that time vrere covered

by one large lake which overflovrcd to the southeast and then flowed

eastward and northward into Panamint Valley. As the flow of water from

Owens Valley decreased, overflow to each lower basin ira,s also reduced

and the filling of Searles Basin was terminated. Evaporation lowered the

level of water in the lake until only a salina remained.

Searles Dry Lalce contains an upper crystal body 70 to 80 feet

thick which is underlain by an impermeable seam of clay or mud about 12

feet thick. A crystal body that is approximately 35 feet thick linderlies

the clay. According to Mumford (l95^)^ the upper crystal body was prob-

ably deposited following the end of the Tioga episode, about 5^000 years

ago. The salt body \mderlying the clay was deposited following the close

of the Tahoe episode. Radioactive age determinations of organic matter

from the base of the clay seam indicate that it is about l6,000 years old.

Water flowing from the San Gabriel and San Bernardino Mountains

accumulated in many shallow basins, which are now represented by playas.

During the last two glacial episodes, an integrated drainage system

existed along the course of the Mojave River which may have flowed north-

ward into Death Valley. About 23 miles east of Barstow, the ancient Lake

Manix, which was about 200 feet deep, was formed in part by the inflow
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from the Mojave River. Tectonic activity may also have been a factor in

formation of this lake. From Lake Manix, the Mojave River flowed east-

ward through Afton Canyon to a low area to form ancient Lake Mojave which

covered the present Soda and Silver Lake Basins. Part of this flow

formed Little Lake Mojave, the present site of Cronise Basin. Lake Mojave

was about UO feet deep. Well preserved shore terraces and gravel bars

show that the stream emanating from this lake cut a narrow gorge as it

flowed northward from Silver Lake to join the Amargosa River before enter-

ing Death Valley.

During earlier Pleistocene time, the Mojave River may have flowed

to the east of Newberry Springs and Ludlow to join the Colorado River.

The Pisgah Volcano may have diverted the Mojave River to the east and north-

ward into Death Valley in more recent time.
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CHAPTER III. WATER SUPPLY AND UTILIZATION

The vast reaches of arid and semiarid lands in the Lahontan

Region have yielded to cultural development by man only in those areas of

the region where firm supplies of usable water have been available. With

adequate water supplies, agricultural, urban, and industrial developments

have been established and sustained. However, where the supply has dimin-

ished in quantity or declined in quality, these developments have waned,

and in some instainces have entirely disappeared.

A general discussion of the nature and source of the water supply

in the Lahontan Region is presented in this chapter. The geologic and

hydrologic factors affecting the occurrence and stability of the supply

sure discussed, as are the historical and present development of the supply

and the various purposes for which the supply has been utilized.

Water Supply

The principal sources of water supply in the Lahontan Region are

precipitation, surface runoff, and ground water. The amounts contributed

to the supply by each of these items vary considerably in various portions

of the region. This section discusses the contributions of these items to

the supply, with particular emphasis on the contribution and role played

by ground water in the region.

Precipitation

Precipitation, and the resulting surface runoff, is the major

source of replenishment to the ground water basins in the Lahontan Region.

In most of the low desert areas, precipitation usually occurs as rainfall

but at the higher elevations, snowfall is common during the winter months.
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The maximum and minimum, and mean seasonal amounts of precipi-

tation for the period of record, at selected stations in the Lahontan

Region, are shown on Table 3- The location of these stations, and

isohyetal lines axe shovn on Plate 2, "Geographic Distribution of Pre-

cipitation."

As shown on Table 3^ the mean seasonal amount of precipitation

varies widely in the region, ranging from 1.69 inches at Greenland Ranch

in the Rirnace Creek area, to h^.lk inches at Lake Arrowhead in the San

Bemaxdino Mountains. About 75 percent of the mean seasonal precipitation

occurs during the winter and early spring months, November through April.

However, local thunderstorms occurring at random intervals in the summer

months have occasionally contributed more than the mean seasonal amount to

local areas in less than two hours.

Precipitation characteristics within the individual basins of the

Lahontan Region are discussed in Chapter V.

Surface Runoff

Surface runoff in the Lahontan Region usually results from rain-

fall, the melting of the snowpack on the surrounding mountains, or from

other sources such as springs. This runoff is drained to one of the three

major stream systems by an integrated network of perennial, intermittent,

and ephemeral streams, or is drained internally to playas and other topo-

graphical lows within the basins.

The three major stream systems in the Lahontan Region are the

Mojave River system, which drains the southwestern portion of the region;

the Owens River system, which drains the northwestern portion of the

50-



zoX

zo

QW

a

tn

gM

s

c



ST.

QQ

On

(/)

a
w
6-O
a

O 03M 3

a, o
l-H o

s
s

c



C -H
•H O.
e -H

§3

1

§

u

r5

C»3 <0 K o CM a» r^ in if> CO

• •

l-l



>

'o

i
o

3
CO



region; and the Amgirgosa River system, which originates in Nevada and

drains the northeastern portion of the region.

The Mojave River, whose headwaters drain almost the entire north-

ern slopes of the San Bernardino Mountains, extends northeasterly from

those mountains ahout 100 miles, terminating in Soda Lsike near Baker. Deep

Creek and the West Fork of the river are the two largest tributaries of

the river, and "both of these trihutsiries are usually perennial in their

upper reaches in the mountains.

At lower elevations, the surface flow in the Mojave River usually

percolates rapidly, except during periods of heavy flow, and much of the

lower course of the river consists of dry channels. However, rising water

appears as surface flow in the river's channel near Victorville and Afton,

even during dry periods. Table k indicates the amounts of seasonal runoff,

measured at the United States Geological Survey gaging stations at Victor-

ville, and at Barstow, about 38 miles downstream. The wide variation in

the amount of surface flow at these two stations is due to percolation and

other losses.

The Owens River originates on the eastern slope of the Sierra

Nevada and flows southeasterly towards Owens Lake; it is the major stream

in the northwestern portion of the Lahontan Region. Most of the tribu-

taries of the Owens River are quite short. Fed principally by the melting

of the snowpack in the Sierra Nevada, the tributaries flow easterly down

the steep flank of these mountains.

The flow of the Owens River has been regulated to a great extent

by a series of dams and reservoirs which have been constructed along the

river's course for water supply and power developments. The Department of
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TABLE h

SEASONAL RUNOFF OF THE MOJAVE RIVER
AT VICTORVILLE AND BARSTOtf

(in acre-feet)

-, : Victorville : „ .

Season ,^ „ x Barstow
: (Lower Narrows J :

1935-36
1936-37
1937-38
1938-39



Water euid Power of the City of Los Angeles has established dams, reser-

voirs, and powerplants along the Owens River Gorge, and in Long Valley and

Pleasant Valley. The City of Los Angeles has also constructed an aqueduct

system and has diverted water from the river above Owens Lake since 1913;

this diversion has caused Owens Lake to become essentially a dry lake bed,

and since 1928, flow from the river has reached Owens Lake only in insignif-

icant quantities.

The estimated mean seasonal natural runoff in the Owens River,

and in other streams in the Owens River Drainage Basin and the Mono Lake

Drainage Basin, for the period l89^-95 through 1958-59^ is shown on

Table 5.

The Amargosa River originates in Nevada and flows southward

across the California-Nevada border near Death Valley Junction, following

an irregular course towards the Avawatz Mountains. Near the northern base

of these mountains, the river makes a sweeping turn northward toward Death

Valley where it terminates at Badwater at an elevation of 292 feet below

sea level. The Amargosa River drains the portion of the Lahontan Region

where little cultural development has occurred.

Surface flows in the Amargosa River axe infrequent; however, in

response to heavy local rainfall, flows have occurred in the river's

channels as far downstream as Death Valley.

Imported Water

The use of imported water has been em insignificant factor in

the historicaJ. development of the Lahontan Region but its use will undoubt-

edly be required to support the region's growth in the foreseeable future.
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TABLE 5

ESTIMATED MEAN SEASONAL NATURAL RUNOFF IN THE
OWENS RIVER AND MONO LAKE DRAINAGE BASINS

(in acre-feet)

Period I89I+-95

through
I95Q-59

Drainage Basin euad Streams

Ovens River Drainage Basin (No. lt<-)

Owens River above gage near Round Valley 156,800
Rock Creek above gage near Little
Round Valley 26,300

Remainder of Owens River above Tinemaha
Reservoir 208,U00

Subtotal - Owens River above
Tinemaha Reservoir 391,500

Remainder of Owens River 118,500

Total - Drainage Basin 510,000

Mono Lake Drainage Basin (No. 11

)

Walker Creek at Walker lake



Thus far, the amounts imported have been negligible, and they

have been derived from limited sources of supply. For example, small quan-

tities of water have been diverted from Virginia Creek, a tributary of the

Walker River, and have been imported for use in the Mono Lake Valley

Ground Water Basin in the northern portion of the region. In another

instajice, where ground water basins in the Lahontan Region extend across

the border into Nevada, wells in the Nevada portion of these basins supply

water for irrigation and domestic uses in the California portions.

Ground Water

Although surface water and imported water have been used at a

few points in the Lahontan Region, ground water has been the most impor-

tant source of water supply in the developed portions of the region. The

quantities of ground water available at veirious locations in the region are

dependent upon the nature of the underlying geologic materials and the

hydrologic characteristics of the ground water basins.

Occurrence and Movement . The principal source of ground water

in the Lahontan Region is the unconsolidated alluvial sediments. As de-

scribed in Chapter II, these sediments cover the floors of the ground

water basins in the region, ranging in thickness from a few feet to more

than 500 feet. The crystalline rocks which surround and underlie most of

the ground water basins are eilso a source of ground water, but quantities

produced are markedly less in these rocks than in the alluvium. Deep

weathering of these crystalline rocks has formed layers of decomposed ma-

terials; in some portions of the Lahontan Region the ground water stored

in such material is the sole source of water supply.
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The ground water basins in the Lahontan Region are replenished

by deep percolation of precipitation and surface water, by unconsumed por-

tions of applied irrigation water, and by subsurface inflow frcm adjacent

ground water basins. During infrequent wet periods, precipitation and

surface runoff from surrounding highlands percolate into rock joints and

fissures of the crystalline rocks, and into the aJ.luvium on the valley

floors, replenishing the ground water supply.

The portion of water which is applied to irrigated crops but not

consumptively used or evaporated percolates to the underlying materials,

thereby replenishing the ground water supply. However, irrigated agri-

culture development has been confined to a few relatively small areas in

the LsLhontan Region and replenishment from this source has been in limited

quantities.

Subsurface inflow of ground water to basins within the Lahontan

Region from ground water basins in surrounding areas occurs at several

points. The most substantial amounts of such inflow enter the region in

those ground water basins which estend from the region across the California-

Nevada border. Small amounts of subsurface inflow also occur across the

Mono drainage divide on the north, and across the Colorado Region drainage

divide in aji area south of Barstow.

Ground water movement is affected by the permeability of the rock

materials, their geologic structure, the hydraulic gradient, and other

factors. In the crystalline rocks of the highleinds which surround most of

the basins in the Lahontan Region, ground water moves very slowly through

the joints and fissures smd layers of weathered materials; the direction

of flow is toward the valley floor. Little or no deep percolation occurs
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in these relatively impermeable rocks. The alluvial material on the valley

floors of most of the ground water basins in the region is more permeable;

ground, water in this material moves more rapidly eind percolates reaxiily.

However, replenishment of the ground water supply via this material usu-

ally occurs only during infrequent wet periods when large quantities of

surface runoff flow down from the surrounding highlands.

Ground water movement within the basins is in the direction of

the hydraulic gradient. In basins that drain internally, this gradient

usually slopes towards the lowest portion of the basin. In basins forming

integrated drainage systems, the gradient usually slopes from the basins

at the higher elevations to those at the lower elevations. At the same

time, the slope of the hydraulic gradient and a consequent change in the

direction and rate of ground water movement may be affected by naturally

occurring barriers such as faults, or by the works of man such as where ex-

tractions of ground water by wells produce pumping depressions. Such

changes also affect ground water levels within the various basins, as will

be discussed in greater detail in the next section.

Ground Water Levels . The depth to ground water from the surface,

or elevation of the ground water table, is of economic and hydrologic

significemce in the water supply and development of an sirea.

Economically, where ground water levels are neau" the surface,

the use of ground water as the major source of supply is enhanced because

of decreased pumping lifts and greater freedom in selection of well loca-

tions. On the other hand, ground water levels at or near the surface may

result in a depletion of the supply through loss by evapo-transpiration by

native vegetation, evaporation of ground water brought to the surface by
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the capillary action of the soil, and evaporation of surface flow from

springs, particularly where the flow is onto a playa lake.

In the Lahontan Region, ground water levels range widely in ele-

vation, not only from basin to basin, but within the individual basins as

well. In many of tlae basins the water table may be a few feet below the

surface of the ground, but along the higher elevations it may be seversil

hundred feet below the surface.

As mentioned earlier^ water levels may be significantly affected

by faults and other geologic features. Faults may act as barriers to the

movement of ground water; o^ten there are significant variations in the

elevations of ground water levels on opposite sides, of a fault. In addi-

tion, where deeper aquifers axe confined by impermeable geologic structures,

water levels in wells perforating such confined aquifers may rise to higher

elevations than in wells perforating shallower, unconfined aquifers.

Ground water levels have generally declined in those portions of

the Lahontan Region which are most highly developed, such as the Antelope

Valley Ground Water Basin {6-hk) . At some points in this basin, ground

water levels have declined as much as 15O feet over the last 30 years. In

other portions of the region where only slight development has occurred,

ground water levels have remained practically unchanged, or have declined

slightly.

Data on historic ground water levels for the individual basins

in the Lahontan Region are presented in Chapter 5. When considering these

data, the factors discussed in this section should be given due regard.
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Water Supply Development

The development of ground water supplies in the Lahontan Region

has far exceeded that of any other source of supply, including surface

diversions and imported water. Although surface diversions have been and

are being made in the region, primarily for irrigated agriculture, such

diversions constitute a relatively insignificant portion of the total

water use in the region. The development of surface water supplies for

export to the City of Los Angeles is discussed in Chapter V.

Ground Water Development . Prior to I9OO, ground water develop-

ment in the Lahontem Region was limited to a few hand-dug pits or shallow

wells, usually in the vicinity of rivers or flowing streams where water

was readily obtainable near the svirface. After I900, drilling techniques

and pianping equipment improved, permitting larger qxiantities of ground

water to be used in an increasing number of basins in the region.

The introduction of electric power to many of the developed por-

tions of the region after 191^ permitted a considerable increase in the

acreages devoted to irrigated agriculture in some of the basins. However,

declining ground water levels in several of these basins in the last few

years have been followed by decreased agricultural acreages.

The development of ground water supplies in the Lahontan Region

has been cetrried out primarily by individuals rather than by organized

agencies, and the majority of the irrigated agricultvire acreages are

served by individually owned wells.

Yield of Wells . The number of wells said pumping plants of heavy

draft in the Lahontan Region in I96I was estimated to be on the order of
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several thousand, and an equivalent number of light draft wells was esti-

mated to be in service supplying limited amounts of water for non-

commercial gardens euid orchards, and other domestic, municipal, and

industrial uses. The location of wells in the various basins of the

region and data on the quality of water in the wells are presented in

Chapter V.

The yield of a well depends largely on the type of material

penetrated by the well. Wells drilled in the older formations or in the

crystalline rocks that surround or underlie the ground water basins of

the region generally yield less than 100 gallons per minute; very often

such wells yield only a few gallons per minute. On the other hand, wells

in the coarser alluvium on the valley floors may produce as high as

4,000 gallons per minute. In areas of a basin where the well has been

drilled or dug in finer-grained alluvial material the yield is much lower.

In several cases, old irrigation wells, usually hand-dug, were found with

very large diameters providing storage space for the slow subsurface in-

flow that occurs in such material.

In recent times, within the last decade or so, a great many

smaller wells have been drilled and are serving the domestic needs aris-

ing from the population influx to the area, particularly in those portions

of the region where larger farms and acreages have been subdivided into

lots of five acres or smaller. Most of these newer wells are eight inches

in dieimeter, drilled by the cable-tool method, and are not gravel packed.

Thus, in most instances, they are adequate only for supplying an individ-

ual family with their domestic water requirements.
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Water Utilization

The primary use of water in the Lahontan Region is in the irri-

gation of agricultural crops. In the past, domestic and industrial uses

have been relatively small in comparison with agricultural uses. However,

expanding urhan centers and the establishment of new industrial and

military facilities in the region, particularly in the southern portion,

will undoubtedly increase the quantities used by these non-agricultural

activities

.

Under present conditions of develoiment, about llU,000 acres of

l£ind in the Lahontem Region, br about two percent of the total valley-mesa

lands in the region, are utilized for irrigated agriculture. Neeurly 90

percent of the ^50,000 acre-feet of water consumptively used in the

Lahontan Region annually is consumed in these agricultursil uses. Crops

include alfalfa, hay, grain, produce, and pasture for livestock.

Although the lack of firm waxer supplies has limited irrigated

agricultural acreages to a few highly developed areas of the Lahontan

Region, new sources of supply (either imported or developed locally)

would enable and expansion of agricultural acreages. Such additional

firm supplies would also permit expansion of urbein centers, and indus-

trial installations.
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CHAPTER IV. WATER QUALITY

The objectives of the water quality studies carried out during

this investigation were: (a) to determine the quality of water from repre-

sentative water supply sources in the various hasins of the Lahontan

Region; (b) to determine the existing beneficial uses of water from these

sources; (c) to evaluate and classify the water quality-water use relation-

ships existing in the region; and (d) to identify existing water quality

problems, and establish a basis for discerning water quality trends in the

region's water supplies.

Water quality concepts, criteria, and standards used to develop

water quality use ratings for the Lahontan Region are discussed in this

chapter. Detailed infonnation on the quality of water in the individual

ground water basins is included in Chapter V. The general discussion of

water quality includes information on dissolved constituents in ground

water, sources of impairment of ground water quality, and the formulation

of water quality use ratings.

Dissolved Constituents in Water

Most naturally occurring waters contain some dissolved minerals.

The inherent quality characteristics are mainly correlated with climate

and the enveloping geologic complex. Water containing the smallest amounts

of dissolved minerals usually is found in areas having the greatest amount

of precipitation, particularly where such areas are underlain by igneous

rock materials. The kinds and amounts of minerals in the water are governed

by the types of rock materials and soils with which the water comes into

contact and generally, rainfall governs the concentration of minerals in

the water by the mechanism of dilution.
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Relatively laxge amounts of minereLLs axe contained in waters

fl-om supplies in areas characterized by one or more of the following

features: low precipitation, interior drainage, poorly consolidated

deposits of marine origin, and fault zones, through which mineralized

waters flow into ground water basins.

The mineral constituents commonly occurring in the ground waters

of the Lahontaji Region and their role in water quality problems are dis-

cussed in the following subsections.

Calcium (Ca)

Calcium cam be dissolved from most rocks, but the highest concen-

trations of calcium are. usually in ground waters that have flowed through

limestone, dolomite, and gypsum rocks. For irrigation purposes calcium

should comprise a high percentage of the cations in order that the irri-

gated soil be arable and permeable. In contrast, calcium should not be

present in high concentrations in water used for domestic and industrial

purposes, because it is the principal cause of hardness and formation of

scale in boilers and in water pipes. Calcium also reacts with soap, pro-

ducing a grey scum which inhibits lathering.

Meigneslum (Mg)

Magnesium is dissolved primarily from dolomitic rocks and from

marine deposits. I'feignesium increases the hardness of the water and the

scale -forming properties in the same manner as does calcium.

Dissolved magnesium produces another effect; water containing

about 125 parts per million of magnesium Euid about 5OO parts per million
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of sulfate may produce a noticeable laxative effect in persons unaccus-

tomed to these concentrations in their regular drinking water.

Sodium (Na) and Potassium (K)

Sodium and potassium are dissolved from almost all rocks.

Ground water supplies that have very low concentrations of total dissolved

solids usually contain ahout equal amounts of potassium and sodium. How-

ever, as the concentrations of these and other constituents increase, the

proportion of sodium generally "becomes much greater.

Moderate quantities of sodium and potassium generally have only

a small effect on the usefulness of water. However, industrial use of

water containing moderately high concentrations of sodium and potassium in

combination with alkalinity, may require that steam "boilers be carefully

operated to prevent foaming. Water containing sodium or potassium in com-

bination with carbonate also causes corrosion in boiler tubes, condensate

lines, and hot water systems.

For laundry and cleaning purposes, it is desirable that sodium

make up a high percentage of the cations, since calcium and magnesium cause

formation of soapy scums in household washing and deposition of scale in

hot water pipes.

For irrigation use, water should have a low ratio of sodium to

total cations. High sodium ratio waters reduce soil permeability and re-

duce or prevent penetration of water to the plant root zone.

Carbonate (CO:^) and Bicarbonate (HCOg)

Carbonate and bicarbonate are derived from dolomite, limestone,

and to a lesser extent from other rocks and minerals. The relative
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concentrations of these tvo constituents affect the alkalinity or acidity

(pH) of the water. The hicarhonate anion is normally the predominant acid rad-

radical in much of the ground and surface water supplies in the Lahontan

Region

.

Sulfate (SO),)

Sulfate is dissolved by ground and surface water from many types

of rocks and soils . One of the most important sources of sulfate in water

is gypsiferous deposits. Sulfate is particularly significant in ground

water that contains large concentrations of calcium and magnesium. In

combination with calcium and magnesium, sulfate forms deposits of hard

scale in water pipes, water heaters and boilers. In combination with mag-

nesium, sulfate may produce laxative effects. In combination with magnesium

and sodium, but in the absence of sufficient calcium to precipitate it

from soil solution, sulfate may also be present in concentrations that

are injurious to plants.

Chloride (Cl)

Most ground waters contain chloride, as it is present in many

rock types and is very soluble in water. All waters in the study area con-

tain chloride that has been dissolved from rocks ajid from natural salt

deposits. Disposal of sewage and industrial wastes often introduces large

Bjnounts of chloride into ground and surface waters and into the ground

water basins. High concentrations of chloride render water unusable for

drinking and for processing of foods and beverages. For irrigation use,

ground water containing high chloride concentrations is undesirable, be-

cause chloride causes subnormal growth of crops and bums the foliage,

impairing the appearance suad reducing the quality of the marketable crop.

-70-



Nitrate (NO3)

Nitrate generally occurs only in trace quantities in nonpolluted

surface vater supplies, but may attain high levels in some ground waters.

Nitrates that occur in ground water in amounts exceeding a few parts per

million are usually dissolved evaporites, fertilizer losses in soil perco-

lates, or by-products of organic decomposition. In addition, large quan-

tities of nitrate are also derived from some magmatic sources, and fixation

of nitrogen by bacteria and dissolution of nitrogen from the air by rain-

fall and subsequent oxidation often produces nitrates in the soil. In

excessive amounts (kh parts per million or more) nitrate can cause the ill-

ness known as infant methemoglobinemia (cyanosis).

Boron (b)

Boron usually occurs in ground water in the form of boric acid or

as a borate. In regions that are or have been volcanic, the borate form is

more prevalent. Although boron is widely distributed, the principal de-

posits eire found in the Lahontan Region.

The presence of boron in waters, wastes, and sewage effluents

used in agriculture is important. Boron in excess of 2.0 parts per million

in irrigation water is deleterious to many plants, emd some plemts are sui-

versely affected by concentrations of less than 1.0 part per million. How-

ever, trace amounts of boron are essential to the growth of other plants.

Electrical Conductivity (ECxlO^ at 2^° C)

Electrical conductivity is expressed in micromhos at 25° C.

Determination of conductivity is a quick method for measuring the ion con-

centration of a solution. Electrical conductivity is used as an indication

of the total dissolved solids content of water.
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Total Dissolved Solids (TDS)

Determination of the concentration of total dissolved solids in

water furnishes an Indication of the overall mineral content of the water

and serves as a valuable criterion for appraising the mineral quality of

ground water for beneficial uses.

For irrigation use, waters are classified according to total

dissolved solids content, which may be determined approximately by elec-

trical conductivity. FOr most waters, multiplication of the conductivity

by a factor of 0.7 gives a number that approximates the totsil dissolved

solids content; this number is nearly equal to the value in parts per

million that would be obtained if total dissolved solids content were de-

termined by evaporation.

Radioactivity

The United States Public Health Service defines radioactivity as

ionizing radiation that is harmful to the human body. Mankind has always

been exposed to natural and background radiation. Any increase of radia-

tion in the water supply above background could be a hazsird to the public

health.

The most common unit of measurement is the "curie"; however, the

term "picocurie" per liter (pc/l) of water is used in this report. A pico-

curie is equal to a micro-microcurie (uuc) which is a millionth of a

millionth of a curie, or approximately 2.22 disintegrations per minute.

Naturally occurring radioactive concentrations in surface waters are very

low, -varying from about 0.10 to 10 picocurie per liter.

The following limits on radioactivity are taken from the Federal

Register, Title k2 - Public HesLLth, dated March 6, 1962, and are given
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here as a guide to the reader for the purpose of evaluating the radio-

activity results given in Chapter V.

"Limits . (l) The effects of human radiation exposure are
viewed as harmful and any unnecessary exposure to ionizing radia-
tion should be avoided. Approval of water supplies containing
radioactive materials shall be based upon the judgment that the
radioactivity intake from such water supplies when added to that
from all other sources is not likely to result in aji intake greater
than the radiation protection guidance recommended by the Federal
Radiation Council and approved by the President. Water supplies
shall be approved without further consideration of other sources
of radioactivity intake of Radium-226 and Strontium-90 when the
water contains these substances in amounts not exceeding 3 and
10 uuc/liter, respectively. When these concentrations are ex-
ceeded, a water supply shall be approved by the certifying author-
ity if surveillance of total intakes of radioactivity from all
sources indicates that such intakes are within the limits recom-
mended by the Federal Radiation Council for control action.

(2) In the known absence of Strontium-90 and alpha emitters,
the water supply is acceptable when the gross beta concentrations
do not exceed 1,000 uuc/liter. Gross beta concentrations in
excess of 1,000 uuc/liter shall be grounds for rejection of supply
except when more complete analyses indicate that concentrations of
nuclides are not likely to cause exposures greater than the Radia-
tion Protection Guides as approved by the President on recommenda-
tion of the Federal Radiation Council."

Sources of Impairment of Ground Water Quality

Natural degradation of water quality from multiple sources and

causes has existed for many years prior to man's development of the water

and other resources. For example, the rocks and soils comprising the

drainage area of a stream system determine the mineral character and qual-

ity of the stream's waters. Moreover, highly mineralized tributary

springs and saline inland water bodies increase the minereil content of

the recipient streams and, consequently, that of the recharged ground

water supply.

In the Lahontan Region, continuing studies of ground water by

federal, state, and local public agencies have brought into focus many of
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the sources of Impairment of ground water quality. A major factor in the

impairment of quality of ground water has been the declining ground water

levels resulting from heavy extractions of ground water and the consequent

overdraft of some ground water "basins. Degradation of the q-uality of

ground water is also caused by upward or lateral movement of poor quality

connate waters; by interchange of waters of differing mineral quality

between aquifers through improperly constructed or destroyed wells; by

downward movement of perched waters of poor mineral quality; and by de-

velopment of adverse salt balance.

Upward or Lateral Movement of Brackish or Saline Connate Waters

by Natural Means

Local areas of very poor quality water occur throughout the

Lahontan Region. Large bodies of poor quality connate water occur at rela-

tively great depths in many basins in the Lahontan Region. These poor qual-

ity connate waters originated when prehistoric basins were inundated by

ocean water. Ocean water that was held in the interstices of sedimentary

deposits and sealed in by deposition of overlying beds, frequently appears

in water pumped from deep wells, or in water pumped from wells in basins

where overdraft has caused fresh water levels to decline to such an extent

that connate waters have intruded the fresh water-bearing sediments.

Often these brackish or saline connate waters, which are sodium-

chloride type waters, migrate and imjjair the quality of ground water in

fresh water-bearing strata which they underlie or flank. Such intrusion

and degradation are most prevalent in ground water basins where extrac-

tions have produced overdraft and lowered water levels . As fresh water

levels are lowered in a basin, hydraulic gradients are set up which allow
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connate waters to migrate laterally or upward into adjacent fresh water-

bearing sediments. Joints, fractures, faults, and imperfections in con-

fining silt and clay members provide the conduits for migration of the

connate waters . Improperly constructed or improperly destroyed wells also

provide paths for saline water intrusion of fresh water-bearing strata.

Interchange of Waters of Differing Mineral Characteristics
Between Water-Bearing Strata by Artificial Means

Imperfections in confining silt and clay bodies and improperly

constructed or destroyed wells allow free flow of water from one water-

bearing zone to another, creating problems with respect to existing or

potential degradation of the water resources. Interzonal flow of ground

water is most serious in areas underlain by several distinct aquifers, each

yielding water under a different pressure level and of differing quality

characteristics. Under the pressure differential, water of inferior qual-

ity may intrude adjacent strata containing water of good mineral quality.

Downward Movement of Perched Waters of Poor Mineral Quality

Perched ground water commonly overlies the confining clay strata

of pressure aquifers in portions of many ground water basins in the

Lahontan Region. This water accumulates soil solubles and fertilizer

chemicals and through evaporation and transpiration, may attain higher

salt concentrations than ocean water. Defective, improperly constructed

and destroyed wells, and imperfections in confining silt and clay members

permit downward movement of this inferior quality perched water into under-

lying aquifers containing fresh water. Downward migration of the perched

water is increased by declining pressure levels, due to increased pumping

and overdraft.
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Degradation of well vater supplies by percolating perched water

is most severe in areas where inferior quality perched waters drain into

improperly constructed, or destroyed wells that form a conduit between

aquifers.

Development of Adverse SaJLt Balance

Impairment of quality of ground water is long-lasting and may be

permanent if there is no drainage from the ground water basin. Degrada-

tion of water quality is further accentuated by adverse salt balance.

Adverse seilt balance is most pronounced in areas of overdraft where the

water supplies to the basin are used extensively and in axeas where no

ground water moves from the basin. In these areas, salinity builds up

over a period of years, rendering the ground water increasingly less suit-

able for beneficial uses.

Multiple use and reuse of ground water increase the danger of

adverse salt balance. Percolation of dissolved fertilizers and industrial

wastes increases the mineral burden of the water and decreases the possi-

bility of restoring a favorable salt balance. Adverse salt balance in

ground waters is in marked contrast to adverse salt balance in surface

streams. In surface streams impairment of water quality may be alleviated

by flood flows or corrected by discontinuance of specific waste disposals.

Adverse salt balance becomes most pronounced in ground water

basins where a continual condition of overdraft exists and where there is

little or no movement of ground water from or into the basin. In these

areas, the salinity caused by even relatively innocuous wastes may build

up dangerously over a period of years, thus rendering the ground waters

increasingly less suitable for beneficial uses.
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Degradation of ground iraiter quality due to development of adverse

salt balance in overdrawn basins is extremely difficult to ascertain, and

long term records of mineral analyses of many veils are necessary to con-

firm adverse salt balance conditions. Unfortunately, insufficient long-

term water quality records are available for the Lahontan Region, except

for some basins at its southern boundary.

Brackish and Saline Springs and Lakes

Brackish and seLLine springs sjid lakes are a source of degrada-

tion to ground waters in the Lahontan Region. Widely scattered mineral-

ized hot springs are associated with areas of extrusive volcanic rocks and

are prevalent axijacent to major faults. The hot springs comprise a blend

of highly mineralized hot water, which rises from great depths below the

earth's crust, and circulating meteoric waters of relatively low total

dissolved solids content. This mixture is generally a moderately hot

water with high total dissolved solids content, that usually includes con-

centrations of boron, sodium, chloride, and sulfate far in excess of

accepted domestic, irrigation, and industrial standards. These waters, if

discharged to streams, impair the mineral quality of surface water in the

area; they may also percolate directly into the sediments in the basin,

causing direct impairment of the ground water.

Brackish aaid saline water bodies occur extensively beneath playa

laikes formed in the lowest etrea of surface drainage basins in the Lahontan

Region. The playas function as large evaporating pans gradually concen-

trating waters containing the mineral constituents brought in by flash

floods, or rising waters, until the total dissolved mineral, solids content

equals or exceeds by many times the minereLL content of sea water. IQ
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basins where extensive development of the ground water resources has

occurred, a hydraulic gradient may be established which will allow saline

waters underlying and in the vicinity of a playa to move into the zones

of fresh water.

Water Quality Standards

Ground water in the Lahontan Region is used principally for do-

mestic, municipal, and irrigation purposes with small amounts being used

for industrial purposes. Suitability of the ground waters for each of

these uses depends in large measure upon the amounts and the kinds of min-

erals dissolved therein. The water quality criteria used in this report

are based on the United States Public Health Service Drinking Water Stan-

dards, 1962, and the classification of water for irrigational purposes by

Dr. L. D. Doneen of the Division of Irrigation of the University of

California at Davis.

To aid readers in interpreting the analyses given in Chapter V,

and in evaluating the suitability of a particular water for a specific pur-

pose, the Department of Water Resources has adopted for this report only, a

set of water quality use ratings based upon the above-mentioned standards

and classifications. The development of such use ratings from the United

States Public Health Service Standards for domestic and municipal use, and

the University of California irrigation criteria are discussed in this

section.

Domestic and Municipal Use

Water that is used for drinking and culinary purposes should be

clear, colorless, free from toxic salts; have no unpleasant taste or odor;

should contain a minimal amount of dissolved mineral solids; and must be
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free of pathogenic oziganlsms. The most widely used criteria in determin-

ing the suitability of a water for this use are the "United States Public

Health Service Drinking Water Standards, 1962»" These steuidards estab-

lish mandatory limits of maxinum permissible concentration for certain

mineral constituents and nonmandatory but recommended limits for others.

Table 6 indicates these limits for drinking water.

The California State Board of Heeulth has defined maximum seife

amounts of fluoride ion in drinking water in relation to mean annued

temperature

•

Mean EuinueLl Mean monthly maximum
temperature fluoride ion concentration

in F in ppm

50 1.5
60 1.0
70 - above 0.7

Irrigation Use

Because of diverse climatologicsLl conditions, crops, and soils

in California, it has not been possible to establish ri^id limits for

the quality of irrigation water to be used for all conditions involved.

However, based on work done at the University of California, and at the

Rubidoux and Regional Salinity Laboratories of the U.S. DepsLrtment of

Agriculture, water used for irrigation has been divided into three broad

classes; Class 1, excellent to good; Class 2, good to injurious; and

Class 3» injurious to unsatisfactory. Dr. L. D. Doneen has classified

water to be used for irrigation purposes as shown in Table 7; this classi-

fication is used by the Department of Water Resources in determining

water queLlity criteria for irrigation waters.
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TABLE 6

UMITED STATES PUBLIC HEALTH SERVICE
DRIMING WATER SmNDARDS

1962

Substance



Four criteria are generally used, as outlined by Dr. L. D.

Doneen's classification, to determine the suitability of water for irri-

gation use: electrical conductivity (EC x 10 at 25° C), boron concen-

tration, chloride concentration, and percent sodium.

TABLE 7

UNIVERSITY OF CALIFORNIA CRITERIA
FOR IRRIGATION WATERS

factor :



On the basis of the water quality criteria and the standards

discussed in this chapter, and with due consideration of the prevailing

conditions, waters for domestic and irrigation use in the Lahontan Region

are classified in one of three categories: suitable, marginal, or infer-

ior. The constituents and the limits of concentration of these for each

of the three categories are shown in Table 8.

TABLE 8

RATING OF WATER FOR DOffiSTIC AND IRRIGATIONAL USES

Factor or
constituent

Use rati
Suitable Marginal̂ Inferior

Total dissolved solids (TDS), ppm - 1,000

Nitrate (NO-.), ppm - k<^

Fluoride (f), ppm 0-0.7

Sulfate (SO4), ppm - 250

Conductivity (EC xlO^ at 25" C) - 1,500

Boron (b), ppm 0-1

Chloride (Cl), ppm - 35O

Percent sodium - 60

Domestic'^

1,000-2,000

U5 - 88

0.7 - 1.5

250 - 500

Irrigation

1,500-3,000

1-2

350 - 500

60 - 75

Over 2,000

Over 88

Over 1.5

Over 500

Over 3,000

Over 2

Over 500

Over 75

The term marginal applies to waters that exceed the drinking water
standards (Table 6) but could be used with appropriate restrictions.
For example, waters containing nitrates in excess of k^ parts per
million could conceivably be used by adults although there is a
potential danger in using the water for the feeding of infants

.

These use ratings are a general guide only. Interim standards for cer-
tain mineral constituents have been adopted by the California State
Board of Health for domestic water supplies . Persons planning to use
water that will be served to the public should contact the local
health department.
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Water quality problems, based on the water use ratings of var-

ious sources of supply in the Lahontan Region, are discussed in Chapter V.

There are two additional factors which were considered in developing the

irrigation and domestic ratings used. For irrigation use, water may have

as much as one part per million of boron and still be considered suitable,

because boron-sensitive crops constitute a minor proportion of the irri-

gated acreage in the Lahontan Region. In addition, the maximum allowable

limits on conductivity and chloride concentration have been increased be-

cause of current irrigation practices and generally high penneability of

the soils in the region. Good drainage conditions and generous applica-

tions of irrigation waters will usually prevent accumulation of harmful

concentrations of dissolved salts in the root zone of irrigated crops.

p\irthermore, in portions of the region where waters are used

mutually for industrial and domestic purposes, the mandatory limits for

the toxic constituents as set forth in the United States Public Health

Service Drinking Water Standards should apply. The large number of spe-

cific quality requirements of water for industrial use prohibits inclusion

of a classification for industrieul waters in this report.
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CHAPTER V. SUMMARY OF GROUND WATER BASINS AND WATER
SUPPLY AND WATER QUALITY CHARACTERISTICS

Based on the geologic, hydrologic, and water quality data and

findings resulting from this investigation, 55 ground water basins have

been delineated within the boundaries of the Lahontan Region. This

chapter presents a brief description of each of the ground water basins

and summarizes the water supply and water quality characteristics of

the basins.

Each basin is described in terms of location, eireal extent, and

general topography. Next, geologic features are discussed, particularly

as they affect the occurrence and movement of ground water. This is

followed by a discussion of the water supply, including its developnent

and utilization in the basin, Eind water quality.

The description of each ground water basin is accompanied by a

figure on which the basin boundaries have been delineated, and on which

the locations of the various sampling points (wells, springs, streams)

are given. Representative water quality data, including the water quality

use rating, and depth to water or rate of flow at these sampling points

are also tabulated.

Each of the basins has been named and numbered for ease in

identification, and for planning future water resources investigations.

Plate 1 indicates the name, number, and location of the ground water basins

in the Lethontan Region.

The basin names (Mono Lsike Valley Ground Water Basin) were

derived from published and unpublished reports, United States Geological

Survey and California Division of Mines maps, and local terminology.
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The basin numbers (6-9) are part of the statewide hydrologic

areal designation codes developed by the Depaxtment of Water Resources.

The number to the left of the dash (^) indicates the Lahontan Region,

one of the nine major geographic regions in the state . The number to

the right of the dash (9) indicates a particular hydrologic unit within

the region.

As discussed earlier, ground water basins are also grouped

within a larger hydrologic unit called a drainage basin, and are niombered

sequentially within the drainage basin, as shown on Plate 1. The sequence

of drainage basins and ground water basins shown on that plate will be

the order of their discussion in this chapter.
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MONO LAKE DRAINAGE BASIN (NO. 11

)
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Mono Lake Valley Ground Water Basin (6-9)

Mono Lake Valley Ground Water Basin, shovn on Figure 1, is a

rectangiilarly shaped, northeasterly trending area of about 2h6 square

miles located in the central portion of Mono County; it is the only

ground water hasin in the Mono Lake Drainage Basin (No. 11 ).

The ground water hasin is bounded by the mountainous peaks of

the Sierra Nevada on the west and by lower hills and ridges on the north,

east, and south. The floor of the basin ranges in elevation from about

6,300 feet, to about 7^000 feet at the base of the surrounding mountains.

To the east, Cowtrack Mountain rises to 8,875 feet; to the west, are two

of the higher peaks of the Sierra Nevada: Parker Peak, at an elevation

of 12,850 feet, and Mt. Dana, at 13,050 feet. Mono Dome, at an eleva-

tion of 10,612 feet, lies to the west of Leevining, the major settlement

in this basin.

A major feature of the basin is Mono Lake which covers sji area

of 86 square miles and attains a maximum depth of I50 feet. The waters

of this lake are unsuitable for prevailing beneficial uses because of

their total dissolved solids content of about 60,000 ppm.

Geology

The basin is surrounded by Tertiary and Quaternary volcanic

rocks except along the western edge where pre-Tertiary granitic and meta-

morphic rocks of the Sierra Nevada predominate. Quaternary Lake sedi-

ments 6ind morainal deposits crop out in the basin and extensive dune sand

deposits occur along the northern edge of Mono lake. Recent alluvium

forms the upper portion of the valley fill, which extends to a depth of
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at least ^h^ feet. The Recent alluvium which occurs in a relatively

small area along the southwestern edge of Mono Lake generally consists of

ryholitic pumice ejecta which is not typical of most of the valley fill.

Water Supply

The principal sources of water supply in the basin are deep

penetration of direct rainfall and percolation of streamflow originating

in the watershed. Surface waters recharge the ground water basin at a

moderate rate through the moraines and alluvial fans fringing the basin.

The annusil precipitation in the basin varies from about 10

inches on the valley floor to over kO inches near the crest of the Sierra

Nevada. Precipitation occurs predominantly as snow, over two-thirds of

which occurs during the period from November through March. Surface run-

off, derived principally from the melting of the resulting snowpack,

occurs primarily in the spring and summer months.

Surface runoff within the Mono Lake Valley Ground VJater Basin

drains towards Mono Lake. The major streams, including Walker, Rush,

Parker, Leevining, and Mill Creeks, flow into the basin from the east

slope of the Sierra Nevada. The estimated amount of mean seasonal runoff

in the basin, for the period 189^-95 through 1958-59^ is 216,000 acre-feet.

Ground water occurs in unconsolidated alluvial deposits, in

semiconsolidated older sediments, in glacial moraines, and in fractured

volcanic material. Usable ground water supplies are derived from the

Recent and underlying older alluvial deposits. The ground water movement

is towards Mono Lake, and both free and confined ground water conditions

exist.
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The presence of artesian wells in the vicinity of Mono Lake

indicates that portions of the water-beairing sediments near the edge of

the lake are overlain by relatively fine-grained confining sediments.

As a result, much of the ground water in the confined water-bearing

sediments apparently discharges into Mono Lake below the surface. Evi-

dence of this discharge is given by fresh water springs which occur

within Mono Lake.

Water levels are at or near the ground surface in wells close

to Mono lake, but depths to ground water may be as much as 300 or ^4-00

feet in the recharge areas along the higher alluvial slopes of the basin.

Development and Utilization . Development of the area started

in the l860*s and l870's with the working of mining claims near the

towns of Aurora and Bodie situated in the mountains north of Mono Lake.

Claiming populations of ten thousand each in the 1870's, these towns

utilized springs and surface flows for water, with Bodie piping its water

a distance of four miles from a spring on Potato Peak. Along with these

developments, some ranching was attempted ajid lush meadows were heavily

utilized for livestock grazing. Large amounts of lumber were also pro-

duced from the areas south and west of Mono Lake.

The population in the basin area was greatest in I88O when

there were several thousand people. As the mining boom subsided, however,

the population eventually dropped to a low of about 200 in 1920; later,

it rose again, reading about 6OO by 19*40 and has increased very slightly

since that time.
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In 1939 "the City of Los Angeles completed a series of diver-

sions and reservoirs on Leevining, Walker, Parker, and Rush Creeks,

and constructed conveyance facilities to obtain an additional water

supply. An average annual amount of 75^800 acre-feet of water has heen

exported from the basin to the city for the period 19^4^7-1*8 to I958-59.

The reservoirs, streams, and lakes in the basin and the adjoining area

are extensively utilized for fishing and recreational uses.

There is some irrigated pasture in the basin, but the amount

of pasture actueilly being irrigated varies from year to year depending

upon the' amount of water available in any given year. Some 2,500 acre-

feet of water is imported annually for irrigation from Virginia Creek

via the Conway Summit K.version. A land use survey by the Division of

Water Resources in I95O indicated that 2,000 acres were under irrigation.

The Los Angeles City Department of Water and Power recorded about 3^700

acres of pasture were irrigated on city-owned Isuid during the yesirs 1953

through 1959.

The federal government and the City of Los Angeles own almost

83 percent of the land in the Mono Lake Drainage Basin. In 1931^ the

federal government withdrew from entry many acres of public lemd in the

basin for protection of the city's water supply. This withdrawal, which

forbids homesteading and farming, permits livestock grazing, mining, and

recreation; it has restricted population growth and development of water

supplies in the Mono Basin. Of these supplies, ground water comprises

only a very small portion of the 6,800 acre-feet of water used annually

for irrigation and domestic purposes in the basin.
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Development of the Mono LaJce Valley Ground Water Basin has also

"been restricted by lack of precipitation and concomitant water quality

problems. The quantity of water flowing into Mono Lake each year is about

133,000 acre-feet but about 187,000 acre-feet evaporate from the lake dur-

ing a year. As a result the level of Mono Lake has fallen 28 feet since

1919^ and the average annual depletion of water in storage has been about

i<O,000 acre-feet from I919 to 1959.

Water Quality . Runoff from the Sierra Nevada is of excellent

quality and suitable for all beneficial uses. The total dissolved solids

generally range from 60 to l<-00 ppm. As shown on Table 9^ the ground water

in the area northeast of Mono Lake is inferior for irrigation purposes,

indicated by the high percent sodium in water sampled from Burkham Spring

(3N/27E-IOKI) and artesian well (3N/27E-35BI). Water from Warm Springs

(2N/28E-17H2) has a total dissolved solids content of 2,060 ppm and is

considered to be inferior for domestic and irrigation uses. The surface

and ground waters in the western half of the basin are generally calcium

bicarbonate in character but waters in the eastern half appear to be sodium

bicarbonate

.

Samples of water from Mono LaJce have a total dissolved solids

content of over 60,000 ppm, nearly twice the total dissolved solids con-

centration in the waters of the Pacific Ocean. The waters of Mono Lake

are sodium chloride-carbonate in character, however, differing from those

of the ocean which are generally sodium chloride.

Radioactivity levels of surface samples from Mono Lake range in

beta-gamma activity f^om 383- l^k pc/l to 8i<-0t 720 pc/l during the period
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October 3, 1953, to October 25, 1955. The radioactivity levels of the

tributary streams and lakes are relatively low.
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ADOBE DRAINAGE BASIN (NO. 13)
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Adobe Valley Ground Water Basin (6-10)

Adobe Valley Ground Water Basin, shovn on Figure 2, is a nor-

therly trending, irregularly-shaped area of about 62 square miles, loca-

ted in the southern part of Mono County within the Adobe Drainage Basin

(No. 13).

The bordering mountains which contain peaks ranging in eleva-

tion from 7>100 feet to 11,100 feet are the Benton Range on the east,

the Glass, Granite, and Cowtrack Mountains on the west, and the Adobe

Hills on the north. The basin surface varies in elevation from a low

of 6,422 feet at Black Dry Lake to about 7,000 feet around the upper

ed^es of the basin. There are three intermittent lakes in the basin:

Adobe Lake in the north. River Spring Lakes in the east, and Black LaJce

in the southeast.

Geology

The Adobe Hills to the north and the highlands to the north-

east and northwest consist of Tertisiry volcanic rocks. The Benton Range

to the east and southeast consists of pre-Tertiaxy granitic rocks while

the highlands to the west consist of pre-Tertiary grajiitic rocks and

Tertiary sediments suid volcanic rocks.

The Quaternary alluvium, which is exposed over the basin floor,

comprises the upper portion of the valley fill. Black Lake is a compound

type playa.
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Water Supply

The principal sources of water supply in the hasin are deep

penetration of direct rainfall and percolation of stream flow origi-

nating in the watershed. The estimated annual precipitation in the

hasin is about 11 inches. However, precipitation is somewhat higher

on the surrounding mountains.

Most surface runoff in the basin occurs in the mountains

along the western border with the runoff from several canyons merging

to form Adobe Creek. This creek and Black Canyon are the principeJ.

channels conveying runoff in the basin iirtiich collects at Black Lake,

the lowest point in the basin.

Alluvieil fans extending northeastward from the Glass Moun-

tains comprise the main recharge areas in the basin. Recharge through

these fans probably occurs at low to moderate rates, and ground water

movement appesurs to be easterly through the basin.

Usable ground water supplies axe derived from the Recent and

underlying older alluvial deposits and ground water may be available

at shallow depths in a large portion of the basin. The occurrence of

ground water at shallow depths is indicated by the fact that in four

widely separated wells, shown on Figure 2, depth to ground water ranged

from 9 to 32 feet.

Development and Utilization . Development of ground water

supplies in the Adobe Valley Ground Water Basin has been limited because

most of the land in the basin is in federal ownership and has been
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withdrawn from entry, except for stock grazing. The northeast and south-

west sides of the basin constitute part of the Inyo National Rarest and

are unavailable for private uses. For this reason, ranching has been

the principsLL development in the basin. Although most stock are grazed

on nonirrigated land, a land use survey conducted in 1950 found that

2,300 acres of pasture were irrigated, using about 6,700 acre-feet of

water. The survey also showed that water use for other purposes was

negligible

.

Water Quality . Ground water in Adobe basin is generally

suitable for domestic and irrigation uses, as shown on Table 10.

However, ground water obtained in the northern end is of marginal

queJ-ity for irrigation because it has a high percent sodium. Ground

water obtained from wells constructed near the dry leikes also has a

high sodium content.

Water from well (lS/30E-12Bl) has a calcium-magnesium bicar-

bonate character that may result from commingling of this well water

with water from Black Ceinyon. However, ground water in most wells in

this basin has a sodium bicarbonate character that indicates the influ-

ence of percolation from Adobe Creek.

The total dissolved solids content of ground water in Adobe

basin ranges from 135 ppo to 2Qk ppm. In March 1962, a water sample

collected from Adobe Creek contained 121 ppm of total dissolved solids,

whereas a sample from Black Lake contained 920 ppm of total dissolved

solids. However, the water sample from Adobe Creek is considered more

representative of surface water in this basin.
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Long Valley Ground Water Basin (6-11)

Long Valley Ground Water Basin, shown on Figure 3> occupies a

predominately northerly trending arcuate-shaped area of ahout 119 square

miles in the southern part of Mono County within the Owens River Drainage

Basin (No. ih). The basin is bordered to the west and southwest by the

Sierra Nevada, to the north by Bald Mountain and Glass Mountain, and by

Round Mountain to the east. Mammoth Mountain to the west rises to

11,03^4- feet, while the mountains to the east rise to more than 10,000

feet in elevation. The surface of the basin floor ranges in elevation

from about 6, 780 feet at Lake Crowley, to about 7^800 feet in the Mammoth

Lalces area.

Geology

Pre-Tertiary granitic rocks and Tertiary volcanic rocks occur

to the north in the Bald and Glass Mountain areas. Tertiary and Quater-

nary volcanic rocks occur to the east, undifferentiated rocks to the

south, and Quaternary volcanic rocks occur to the west in the Sierra

Nevada.

Quaternary alluvium is exposed over paxt of the basin floor,

comprising the upper portion of the valley fill, which extends to a

depth of at least 80 feet. Pleistocene laJce deposits occur along the

margins of the basin except along the southern edge where Pleistocene

glacial deposits are prominent in the Convict and Hilton Creek areas.

Pressure sjreas occur in the northern jjart of the basin where the lake

deposits act as a confining horizon to the underlying sediments.
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Water Supply

The principal sources of vater supply in the "basin are deep

penetration of direct rainfall and percolation of streamflow origina-

ting in the watershed. Precipitation ranges from about 10 inches per

year on the floor of the "basin to more than ^+0 inches per year in the

Sierra Nevada. Melting snow, the major component of this precipitation,

causes heavy runoff during spring and summer. Deadman, Mammoth, Con-

vict, McGee, and Hilton Creeks convey most of the runoff from the Sierra

Nevada to the Owens River or to Lake Crowley (Long Valley Reservoir).

This runoff comprises the major portion of the mean seasonal natural run-

off in the basin, which is estimated to be about 132,800 acre-feet.

Recharge to the basin occurs at a moderate to low rate in

the Deadman and the Hot Creek areas . Ground water moves southeasterly

toward the Owens River gorge area where it may seep through the tuffa-

ceous deposits into Owens Valley. Usable ground water supplies are

derived from the Recent and underlying older alluvial deposits. Local

pressure conditions are indicated by flowing wells on the periphery of

the basin.

Development and Utilization . In the Long Valley Basin, run-

off from the Sierra Nevada provides the major source of water used for

urban and irrigation purposes. Ground water provides a minor source.

In addition to the water derived from the lower portion of

the basin aaid runoff obtained from precipitation on the higher margins

of the basin, water has been imported from Mono Lake Valley Ground Water

Basin at the average rate of 75,800 acre-feet per year {l^kf-kd to
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1958-59) • However, this iniported water is not a source of supply but is

used to regulate the flow in the Owens River. The imported water enters

the basin through the Mono Craters tunnel, flows to the Owens River to the

Long Valley Reservoir where it is stored, and then is released to regulate

the flow in the Owens River and the Los Angeles Aqueduct.

A considerable amount of water is lost from the basin through

evapotranspiration. Based on an evaporation rate of 2.^4- feet per year,

the annual loss from Lake Crowley is estimated to be 10,000 acre-feet.

The area where a high ground water table exists is estimated to be 8,000

acres . Assuming that unit water use is two feet per year when the average

depth to ground water is three feet, the evapotranspiration could be as

much as 16,000 acre-feet per year.

The major area of the basin, a part of the Inyo National Forest,

is used for recreational purposes, including hunting, boating, camping,

and fishing. The land submerged by eind bordering Lake Crowley and the

Owens River is owned by the City of Los Angeles and is used in operation

of their water supply facilities. Only a small part of the basin comprises

privately-owned lands, consisting of ranches and other agricultural lands.

Irrigated acreage in the basin is less tham that of the early

1900's, but land use surveys show that it may be increasing. A lajid use

survey made in 1950 indicated that about 2,900 acres were being irrigated,

of which most was hay or pasture land; the annual \ra.ter use for irrigation

and urban uses was 7^000 acre-feet. Records of the Los Angeles Depsirtment

of Water and Power for the late 1950's indicate that about 4,600 acres of

city leuid were irrigated pasture.
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The Long Valley Ground Water Basin has a permanent population

of approximately 500; about 'lOO of whom live in the Mammoth Lakes area.

During summer, the basin usually is visited by vacationers and sportsmen

in the thousands who use the recreation facilities at Mammoth Lakes and

at Lake Crowley.

Water Quality . Mineral analyses of water samples indicate that

most sources of ground water except for those in the Hot Creek area, con-

tain water of suitable quality as shown on Table 11. In the Hot Creek

area most sources contain water of marginal or inferior quality. Except

for Hot Creek and Mammoth Creek sources of surface water are also of suit-

able quality. The character of the ground and surface water supplies is

either calcium or sodium bicarbonate.

In the Hot Creek area water of inferior or marginal quality is

obtained from hot springs and steam wells . Water from most of these

sources contains about 900 ppm to about 1,500 ppm of total dissolved solids,

and as much as k ppm of f;|.uoride and 10.^ ppm of boron. Discharge from

the hot springs is increasing the concentration of boron and fluoride and

the percent sodium in Hot Creek, and is adding boron to Lake Crowley,

which stores water for the Los Angeles Aqueduct.

Waste that is discharged from wells drilled in the Hot Creek area

to obtain steam for generation of electrical energy impairs the quality

of water in Majmnoth Creek. The waste discharged from the wells contains

excessive amounts of fluoride, boron, and arsenic. Analyses of water sam-

ples taken a short distance downstream from the area of waste discharge show

that the concentrations of these constituents exceed the limits for domestic
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use. However, at a greater distance downstream (near Highway 395) the

concentrations of these constituents are less than the limits.

In the northwestern part of the basin, two wells produce water

with high fluoride concentration. Because of this fluoride level, the

water has been classified as inferior for domestic uses.
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Ovrens Valley Ground Water Basin (6-12)

Ov/ens VaJ-ley Ground Water Basin, shown on Figure h, is a long,

narrow, northerly trending area of 1,031 square miles located in the west-

ern part of Inyo County and in the southeastern corner of Mono County,

within the Owens River Drainage Basin (No. ik). The main towns in the area

of the basin are Lone Pine, Independence, Big Pine, and Bishop.

The basin lies south of Long Valley in a structural trough between

the White and the Inyo Mountains on the east, and the Sierra Nevada on the

west. Elevation of the basin floor, ranges from about 3>550 feet at Owens

Dry Lake to about 6,000 feet in the northern end of the basin. The Sierra

Nevada contains many high peaks and rises to a maximum elevation of lU,495

at Mt. Whitney; the mountains to the east also contain precipitous peaks

which rise to more than 11,000 feet.

Geology

The major geologic units in the White and Inyo Mountains to the

east axe Precambrian and Paleozoic sediments and metasediments and pre-

Tertiary granitic rocks; Trias sic metasediments and metavolcanic rocks also

occur in the Inyo Mountains. The Coso Range to the south and southeast

consists of Tertiary-Quaternary sediments. Quaternary volcanic rocks, and

Tertiary and/or Quaternary volcanic rocks, and Tertiary and/or Quaternary

sediments. The major geologic units in the Sierra Nevada to the west are

the pre-Tertiary granitic rocks, but Quaternary volcanic rocks suid numerous

other rock types also occur in the Sierra Nevada.

Pleistocene glacial deposits occur in several glaciated veilleys

of the Sierra Nevada such as in the canyon of Big Pine Creek which contains
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a large moraine. Quaternary dune sajid deposits occur along the eastern

periphery of Owens Dry Lake, a playa created by maji's activities. Qua-

ternary alluvium is exposed over much of the hasin floor, comprising the

upper portion of the valley fill which extends to a depth of at least

1,200 feet. Pressure areas exist in portions of the basin, and faults

which have a predominately northwesterly trend may act as barriers to ground

water movement.

Water Supply

The principal sources of water supply in the basin are deep pene-

tration of direct rainfall sjid percolation of stream flow originating in

the watershed. The average annueil precipitation on the valley floor rsmges

from a minimum of about three inches in the south to about nine inches in

the north. Near the crest of the Sierra Nevada, the annual precipitation

is more than hO inches and occurs mainly as snow.

Surface runoff consists mainly of the melting snowpack from the

Sierra Nevada and is greatest during the spring and summer. The estimated

mean seasonal natural runoff for the valley is 377,200 acre-feet. Most of

this runoff flows to the Owens River and then southerly towards Owens Laie.

A large portion of the runoff, however, does not reach Owens lake

or recharge the ground water basin because it is diverted from the Owens

RLver by the Los Angeles Department of Water and Power for exportation to

Los Angeles. In addition to export of runoff from the basin, an average

of 201,980 acre-feet of water is released annually from Lake Crowley in

Long Valley to the Owens River for diversion to the Los Angeles Aqueduct.

The vater in the Owens River is diverted to the aqueduct a few miles south
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of Tinemaha Reservoir. An average of 329^ '<-6^ acre-feet is exported annu-

ally to Los Angeles.

The ground water basin is recharged at a moderate-to-high rate

through the alluvial fans and the moraines of the Sierra Nevada and the

Inyo Mountains, and also may be recheirged by ground water inflow from

Long Veilley. There appears to be no outflow from the Owens Valley ground

water basin.

Usable ground water supplies are derived from the Recent and

underlying alluvial deposits. The existence of pressure conditions is

demonstrated by numerous flowing wells and springs in the vicinity of the

Owens River in both the Bishop and the Independence areas.

The depth to ground water ranges from flowing conditions in the

lower parts of the basin to a few hundred feet in the alluvial slopes, and

in extensive portions of the basin ground water levels are near or at the

surface

.

Water levels generally have not been depressed in the Owens

Veilley Ground Water Basin. Despite historical water level records that

show pumping by the City of Los Angeles during the late 1920* s and early

1930 's did lower the water levels in the Bishop and Independence areas,

more recent records indicate that these levels have again risen above

these depressed levels.

Development and Utilization . Diversions of water from the Owens

River and from numerous creeks comprise the main water supply in Owens

Valley. Small quantities of ground water are used in the areas of the

ground water basin where surface runoff is unavailable and when surface
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supplies are insufficient to provide the export requirements of the City

of Los Angeles.

Development of the ground water basin began about i860 when pros-

pectors began staking mining claims. Subsequent development of mining

claims was an impetus for establishment of many towns emd numerous ranches.

Because surface water supplies provided abundant quantities of water, ground

water supplies were used in only minor quantities for irrigation of hay and

pasture lands. Several diversion canaJ-S were constructed to convey surface

water supplies to large areas of the basin, and farming became so successful

that 50^000 acres of crops were irrigated prior to construction of the Los

Angeles Aqueduct in 1912. However, the large export of water to Los Angeles

has virtued-ly eliminated irrigated agriculture in the economy of this basin

and that of the Mono Basin.

Population in the basin has slowly but steadily increased except

during the early mining years. No complete records are available prior to

1870, but the mining town of Cerro Gordo claimed that it had a population

of 2,000 in the l860's. By 1958, the population of the basin had increased

to approximately 11,000, about half of whom reside in Bishop.

The City of Los Angeles utilizes the ground water basin as an

underground reservoir in addition to its use as a major source of surface

water export. During years when the water supply in the basin exceeds ex-

port requirements, the city applies excess water to recharge the ground

water basin. The recharge provides a supplemental supply to be withdrawn

during periods of low runoff or drought.

Vfater-spreadlng operations are conducted downstream from the

Pleasant Valley Reservoir principally in the Bishop area on both sides of
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the Owens River. These operations help maintain high flovs in the Ovrens

River, supplementing the supply to Tinemaha Reservoir. Water spreading

operations axe also conducted dovnstream ftom Tinemaha Reservoir in the

Independence area.

The City of Los Angeles owns several hundred wells in the valley.

Artesian flows are diverted continually to the Los Angeles Aqueduct, but

water from other wells is utilized only during dry periods when surface

and artesian water supplies are insufficient to meet the demands of the

City of Los Angeles. In addition, nearly all the flow in the Owens River

is diverted to the Los Angeles Aqueduct. This flow included an average of

201,981 acre-feet of water per year {l9k'J-k3 to 1957-58) released from the

Long Valley Reservoir.

A pipeline diverts the flow from the Owens River Gorge to power

plsmts for the production of electricity. The flow is then returned to

the Owens River and travels downstream through Pleasant Valley Reservoir

(storage capacity of 3^800 acre-feet) and Tinemaha Reservoir (storage capa-

city of 16, '05 acre-feet). Downstream from Tinemaha Reservoir a canal

diverts the water to Ifeiwee Reservoir (storage capacity of 58,000 acre-feet)

from which an average of 329>^^ acre-feet of water per year (I'^k'J-^Q to

1958-59) was released for export to Los Angeles.

The City of Los Angeles leases some acreages for agricultural

development. During years when the water supply in the basin exceeds the

exportation requirements, the city msikes water available for irrigation of

these leased lands. These leased lands averaged about 22,000 acres for the

period 1953 through 1959. There were also an estimated itO,000 acres of

grazing land subject to intermittent irrigation during I956-I958. In
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addition to the lessees of the property of The City of Los Angeles, a num-

ber of individuals operate privately ovned ranches. Parts of these ranches

are irrigated primajrily by diversions of water fi*om streams. A land use

survey conducted in 1950 ^y the Division of Water Resources indicated that

about 7,000 acres were irrigated in the Owens Valley, including both pri-

vately owned lands and lands leased from the City of Los Angeles. It is

estimated the annual urban and irrigation was use is about 25,000 acre-feet.

A large portion of the water supply to the basin is consumed by

evaporation and phreatophytes. Evaporation ftom the lakes and streams has

not been calculated, but the loss firom reservoirs, as shown in the follow-

ing tabulation is about 10,800 acre-feet per year. Phreatophytes release

large quantities of ground water through evaporation and treuispiration.

The quantity of evapotranspiration in this basin, as shown in the following

tabulation, is estimated to be about 275,000 acre-feet per yeeu:.

EVAPORATION AND EVAPOTRANSPIRATION IN OWENS VALLEY

Average annual Average annuail

net rate of evaporation or
Resei^oir or eo'ea evaporation or evapotranspiration

evapotranspiration (in acre-feet)
(in feet)

Pleasant Valley Reservoir 4.5 500

Tinemaha Reservoir 5 '5 5j700
Haiwee Reservoir 3-9 4,600

Subtotal (evaporation) 10,800

Possible evapotranspiration 2.5 for an

from areas of high ground average depth

water table in Bishop and to ground water

Independence areas of 3 feet 250,000

Owens Dry Lake Estimate 25,000
Subtotal (evapotranspiration) 275,000

GRAND TOTAL 285,800

-118-



In summary, water use comprises more than 329,000 acre-feet of

vater lost from the "basin users annually through export, ahout 285,000

acre-feet through evapotranspiration, and about 25,000 acre-feet of vater

used in the basin for domestic smd agricultural purposes.

Water Quality . Throughout most of the Owens Valley Ground Vfater

Basin, ground water is of suitable quality, as shown on Table 12, and has

a total dissolved solids content ranging from 100 to 'wDO ppm. In some lo-

calities, however, ground water is of marginal or inferior quality for

domestic suid irrigation uses due to its fluoride and boron concentrations

or high percent sodium content.

In areas in the northern end of the basin, near Benton Station

and near Bishop, some of the ground water supplies have fluoride concen-

trations euad percent sodium in the marginal and inferior ranges. In these

areas fluoride concentrations range from 0,2 to 9*0 PPm with a median of

1.2 ppm, and the percent sodium raxiges from l8 to 92 percent with a median

of 58 percent. The highest concentrations of fluoride and the highest

percent sodium in the area occur in springs on the west side of the basin,

south of Bishop. Keough Hot Springs is one source of water containing a

high fluoride concentration.

Ground water of suitable quantity is found in Round Valley and

Independence areas. However, water from a few wells which are located

about seven miles north of Independence is of inferior quality for irri-

gated agriculture due to boron concentrations which axe as high as 7»6 ppm.

The ground water in the area around Owens lake in the south is

generally inferior in quality. A number of wells have been drilled in and
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around Keeler, on the east side of the lake, in attempts to find water

suitable for irrigation or domestic use. However, the water obtained from

these wells was considered marginal for domestic uses and inferior for ir-

rigation uses. South of the lake, ground water of suitable quality is ob-

tained at Cartoga, at OlaJicha, and in the etrea south of Olancha.

Ground water under the Owens lake bed is highly mineralized and

is utilized for production of sodium carbonate and borax. A water sample

obtained from well 17S/37E-33E1 in the central portion of the lake had a

total dissolved solids content of U53>000 ppm, a content about ik times

that of water from the Pacific Ocean.

The character of nearly all the ground water in the valley ranges

from calcium bicarbonate to sodium bicarbonate or combinations thereof.

However, water from a few wells in the Round Valley area contains sulfate

as one of the predominating anions, and ground water from Keough Hot

Springs sind Owens Lake bed is sodium chloride in character.

Ground water, as previously mentioned, is used to supplement the

surface water supply to the Los Angeles Aqueduct. As pointed out, some of

the ground waters supplies are of poor quality. When these poor quality

waters eure mixed with surface water, however, the final mixture is general-

ly of suitable quality. The water in the Owens River has such a low salt

content that even the heavily mineralized ground waters axe diluted suffi-

ciently when mixed with adequate quantities of the river water.

The character of the surface waters in the basin, like that of

the ground water, varies from calcium bicarbonate to sodium biceurbonate

euad combinations thereof.
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There appears to be no pollution problem with sewage effluent in

the valley. The sewage treatment plants, located at the main population

centers, discharge effluents to waste lajids except at Bishop where the

effluent is used to irrigate pasture land.
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Centennial Valley Ground Water Basin (6-13 )

Centennial Valley Ground Water Basin, shown on Figure 5, is a

northwesterly trending, roughly triangular-shaped area of about k6 square

miles in the central western part of Inyo County at the southeastern end

of the Owens River Drainsige Basin (No. ih).

The basin is bounded by the Inyo Mountains on the north and north-

east and the Coso Range on the south and west. The basin floor ranges in

elevation from ^^,300 feet in the northwest to 5,500 feet in the southeast.

Maximum elevations of the surrounding mountains are more than 7,000 feet.

Geology

Paleozoic sediments and Tertiaiy-Quaternary volcanic rocks occur

in the Inyo Mountains to the north and northeast. Pre -Tertiary graxiltic

rocks occur in the hills to the east and in the Coso Range to the south and

west . Quaternary volcsuiic rocks also crop out in the Coso Range

.

Tertiary and/or Quaternary sediments occur in the western and north-

western portions of the basin. Quaternary alluvium, which is exposed over

most of the basin floor, comprises the upper portion of the valley fill.

Water Supply

The principal source of ground water replenishment in the

Centennial Valley Ground Water Basin is percolation of streamflow origina-

ting in the watershed. The basin receives three to four inches of precipa-

tion annually. Surface runoff from many small washes and gullies drains

to an axial wash in the northwest end of the basin, flowing out of the

basin to Owens Dry Lake. Surface waters recharge the ground water basin at

a moderate rate through the alluvial fans fringing the basin.
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Most of the 'basin is susceptible to recharge and it appesirs pro-

bable that usable ground water supplies could be derived frcm the Recent

suid underlying older aJLluvial deposits. The direction of ground water

movement in the basin is northwesterly, towards Owens Valley.

Development and Utilization . Mining in the surrounding mountains

appears to be the only development in the area, but even mining activities

have almost ceased. The major mining operation in the Talc City Mine, the

largest single source of steatite-greide in the United States. The water

supply for this mining activity was hauled in from nearby towns or obtained

from springs in the Coso Ramge. Very little water is presently used in the

basin.

Water Quality . An analysis of water from Lower Centennial Spring

(19S-39E-2OXI), on the southwest margin of the basin, indicates that this

water is calcium-sodium bicarbonate-chloride in character and contains 356

ppm of totail dissolved solids. As shown on Table 13, this water is suitable

for domestic and irrigation uses.

1
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COTTONWOOD CREEK DRAINAGE BASIN (NO. 15)
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Fish Lake Valley Ground Water Basin (6-1^)

Pish Lake Valley Ground Vfater Basin shovn on Figure 6, is a

northwesterly trending, long, narrow area of about 68 square miles, loca-

ted in the eastern peirt of Mono and Inyo Counties within the Cottonwood

Creek Drainage Basin (No. 15). The hasin is the southeastern portion of

a larger ground water hasin Vhich extends across the California-Nevada

state line with the greater portion of the basin lying in Nevada.

The California portion of the basin is bounded by the White Moun-

tains on the west and southwest, by the Sylvsmia Mountains on the south,

and by the California-Nevada state line on the north and northeast. The

floor of the basin slopes northwesterly from a msLximum elevation of 5,600

feet in the southern end to a low of 5^000 feet in the northern end of the

basin. White Mountain Peak to the west reaches a maximum elevation of

l4,2U2 feet.

Geoloar

The White Mountains to the southeast consist of undifferentiated

rocks while the Sylvania Mountains to the south and southeast consist of

Precambrian and Paleozoic sediments and metasediments and pre-Tertiary

granitic rocks. The Quaternary aJLluvlun between the White and ^Ivania

Mountains extends across the California-Nevada state line. The alluvium,

which is exposed over most of the basin floor, comprises the upper portion

of the valley fill which extends to a depth of at least 85 feet. Tertiary

and/or Quaternary sediments occur in the foothills of the Sylvania and

White Mountains. A fault parallels the contact between the Quaternajy

alluvium and the Tertiary and/or Quaternary sediments occurring in the foot-

hills of the White Mountains.
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Water Supply

The principal sources of water supply in the basin are deep pene-

tration of direct rainfall and percolation of stream flow originating in

the watershed. Precipitation in the basin ranges from about 10 inches on

the basin floor to about 20 inches on the upper peaks of the White Moun-

tains where precipitation occurs mainly as snow.

The estimated mesm seasonal natural runoff is about 35^000 acre-

feet, most of which is derived from the White Mountains. Gullies, washes,

and creeks convey the runoff to the lower part of the basin and thence in-

to Nevsida via Fish Lake Valley Wash.

Ground water recharge occurs through the alluvial fans of the

Sylvania and White Mountains with Cottonwood Creek, in the White Mountains,

being one of the most Important recharge areas. Ground water travels north-

erly, generally peLreLLleling the slope of the Isuid surface; the water table

gradient is slightly more than four feet per mile. In the wells shown on

Figure 6, depth to ground water ranged from ^5 "to 88 feet. Usable ground

water supplies may be derived from the Recent and underlying older eLLluvial

deposits

.

Development and Utilization . The ground water supplies in the

basin have been developed mainly for agricultural use. Livestock-watering

and domestic use have also required small qusuitities of ground water. Cot-

tonwood Creek, which flows continuously throughout the year, now supple-

ments the ground water supply. In the past, the creek was the meijor source

of supply for the early settlers.
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The combined ground and surface water supplies are used to Ir-

rigate approximately 600 areas of hay. Total vater use in the ground

vater basin is estimated to be about 2,000 acre-feet per year.

Ifeiter Quality . Mineral analyses of water from five wells indi-

cate that the ground water in the basin is suitable for the established

beneficial uses, as shown on Table l^t-. This water has a total dissolved

solids content ranging from 220 to 365 ppm.

The water from well 6s/37E-2liCl, in the southern end of the

ground water basin contained 1.1 ppm of fluoride in 1955 Bjad is considered

marginal for domestic use. Wa.ter from this well is sodium bicarbonate in

character; water from other wells is calcium biceirbonate or calcium-

magnesium bicarbonate in character. Surface water in Cottonwood Creek is

calcium bicarbonate in character; it is of suitable quality for both do-

mestic and irrigation uses.
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DEEP SPRINGS DRAINAGE BASIN (NO. 16)
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Deep Springs Valley Ground Water Basin (6-1^ )

Deep Springs Valley Ground Water Basin, shown on Figure J, is an

elongate, northeasterly trending area of about kl square miles located in

the northeastern part of Inyo County within the Deep Springs Drainage

Basin (No. 16).

The White Mountains on the north and west, and the Inyo Moun-

tains on the east and south compose the borders of the basin. Elevation

of the basin floor ranges from '+,900 feet at Deep Springs Lake to 5)^+00

feet at the northern end. The Inyo Mountains climb to 8,673 feet and

peaks of the White Mountains rise as high as 12,487 feet above sea level.

Deep Springs Lake covers about two square miles in the southeast corner of

the basin.

Geology

The White Mountains to the north and west and the Inyo Mountains

to the south consist of undifferentiated rocks while pre-Tertiary granitic

rocks occur in the Inyo Mountains to the east. Quaternary alluvium is

exposed over most of the basin floor. The alluvium comprises the upper

portion of the valley fill which extends to a depth of at least 775 feet.

A pressure area exists in the vicinity of Deep Springs Lake which is a

moist, salt encrusted type of playa. Fault zones occur along the western

and eastena margins of the basin.

Water Supply

The principal source of water supply in the Deep Springs Valley

Ground Water Basin is percolation of streamflow originating in the

watershed. The annual rainfall for the basin is about seven inches.
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whereas the annual precipitation on the upper peaks of the White Moun-

tains may be as much as 20 inches.

Birch, Vfyman, and Crooked Creeks C6u:ry most of the surface

runoff from the White Mountains to the west side of the hasin. In addi-

tion, many other washes and gullies convey runoff to other parts of the

hasin, but all runoff eventually flows toward Deep Springs Lake. Dur-

ing the wetter months some water may pond on this lake but usually the

lake floor is dry.

mie basin is recharged at a moderate rate through the fans ex-

tending from the base of the White Mountains. The usable ground water

supplies are derived from the Recent and underlying older alluvial depo-

sits. Ground water travels in the general direction of the surface

slopes, but the hydraulic gradient appears to have a more grsidual slope.

The presence of springs euid artesian flows indicates that a pressure

area exists around Deep Springs Lake.

The depth to ground water ranges from 261 feet below the ground

surface at the highway maintenance station we3J. (6S/36E-25NI) to artesiam

flows near Deep Springs Lake. The water table gradient between this well

and the lake is about ih feet per mile.

Development and Utilization . The entire Deep Springs Valley is

endowed to the Deep Springs Junior College, which was established in 1917«

The college lemds cover il-5,000 acres of the valley, including the whole

ground water basin. In addition, the school has grazing rights on 2^5,000

acres in the surrounding White-Inyo Mountains. Including the students of

the college, the number of residents in the valley is about 25.
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Development of ground water supplies has "been minor, for

streams which flow throughout the yeeir provide plentiful surface sup-

plies. The present utilization of water, about 800 acre-feet per year,

is confined to the northern end of the ground water basin, where the

state highway maintenance station and the Deep Springs college buildings

are located. Mlyman and Crooked Creeks provide the main water supply in

the basin. This surface water, supplemented with ground water, is used

to irrigate approximately 125 acres and to supply a few hundred head of

cattle owned by the college.

Water Quality . Ground eutid surface water supplies in the north-

em half of Deep Springs Valley Ground Water Basin are suitable for all

uses and are ceuLcium bicarbonate in character as shown on Table 15 . Two

wells (8s/36E-i<-Cl and -TBI) near the lake in the southern end of the

valley produce water in which fluoride concentrations are 1.0 and 1.2

ppm, respectively, and, therefore, are marginal for domestic use. The

chsiracter of water from these two wells is potassium-sodium bicarbonate

euid magnesium-calcium bicarbonate, respectively.

Deep Springs Lake was prospected around 1920 for potassium and

sodium salts but was not developed. Recent analyses indicates that

waters of the lake contain 8U,200 ppm total dissolved solids; water from

three shallow holes sunk on the northeast shore of the lake contained a

sodium chloride-sulfate brine that had about 200,000 ppm total dissolved

solids

.
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Eureka Valley Ground Water Basin (6-16 )

The Eureka Valley Ground Water Basin, shown on Figure 8, occu-

pies a northwesterly trending area of ahout I56 square miles in the

northeastern part of Inyo County within the Deep Springs Drainage Basin

(No. 16).

The basin is bordered by the White Mountains on the north, the

Sylvania Mountains on the northeast, the Last Chance Range on the east

and southeast, and the Inyo Mountains on the west and southwest.

Elevation of the basin floor ranges from 2,880 feet at Eureka

Dry Lake in the southern end to about U,200 feet in the northern end of

the basin. The margins of the basin merge with the surrounding mountains

where many peaks rise to elevations of 7^000 feet or more above sea level.

Eureka Lake is about 1.4 square miles in area.

Geology

Pre-Tertiai*y granitic and undifferentiated rocks occur in the

White Mountains while Precambrian and Paleozoic sediments and metasedi-

ments predominate in the Sylvania Mountains to the northeast and the Last

Chance Range to the east and southeast. The Inyo Mountains to the west

eind southwest are composed of pre-Tertiary granitic and undifferentiated

rocks and Tertiary-Quaternary volcanic rocks.

Quaternary alluvium is exposed over most of the basin floor,

comprising the upper portion of the valley fill, which extends to a depth

of at least 6kO feet. Large sand dunes, rising as high as 500 feet above

the basin floor, occur in the southeast corner of the basin near Eureka

Lake, a dry type of playa.
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Water Supply . The principal source of ground water replenish-

ment in the Eureka Valley Ground Water Basin is percolation of stream-

flow originating in the watershed. Annual precipitation in the basin

ranges from ahout five inches on the valley floor to a maximum of ten

inches on the surrounding mountains. Numerous washes convey the result-

ant runoff to the central part of the basin where it is channeled south-

east toward Eureka Lake. Willow Creek, although usually dry, probably

carries the greatest amount of runoff.

Usable ground water supplies are derived from the Recent and

underlying older alluvial deposits. The upper slopes of the basin are con-

sidered the recharge areas. In these areas, surface water percolates to

the ground water storage area at a moderate rate, and ground water prob-

ably moves from these recharge areas toward the southern end of the basin.

Ground water moving southeasterly may also flow to the Saline Valley which

lies to the southwest at an elevation of 1,059- Depth of water at well

9S/38E-IILI is about 380 feet.

Development and Utilization . At present, there is no known

utilization of ground water in this basin. One well (9S/38E-IILI), now

abandoned and unusable, was apparently developed for use in the earlier

mining activities in the surrounding mountains. Mining operations still

exist along the east and west sides of the basin, but probably fewer than

15 people reside in the area.

Water Quality . No data are available on quality of ground water

in the basin. However, one analysis has been made for Willow Springs

(7S/39E-I6QI) which is in the mountains near the northeast part of the basin.
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Water from this spring has a calcium bicarbonate character and a total

dissolved solids content of 554 ppm. As shown on Table 16, the water is

suitable for all uses; it is conveyed to the basin via Cucomungo Canyon,

a tributary to Eureka Valley.
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Saline Valley Ground Water Basin (6-17)

Saline Valley Ground Water Basin, shown on Figure $, is a pre-

dominately northwesterly trending irregularly shaped area of about 211

square miles in the central western part of Inyo County, near the south-

em end of the Deep Springs Drainage Basin (No. 16).

It is "bordered by the Saline Range emd the Last Chance Range

on the north and northeast, the Panamint Range on the east, the Nelson

Range on the south, and the Inyo Mountains on the west. Salt Lake covers

an area of 19 square miles in the southwestern part of the basin. This

lake is located in the lowest psirt of the basin and usually contains

ponded water.

Elevation of the basin floor ranges from 1,059 feet at Salt

Lake to about 5^000 feet at the northern end of the basin area. Most

peaks in the bordering mountains average about 6,500 feet in elevation,

but some peaJcs in the rugged Inyo Mountains attain elevations of more

than 11,000 feet.

Geology

Paleozoic sediments and Quaternary volcanic rocks predominate

in the Saline Range to the north. Precambrian 6uid Paleozoic sediments

and metasediments occur in the Last Chance Range to the north auid north-

east. Similar type rocks and pre-Tertiary granitic rocks occur in the

Panamint Range to the east. The western and southern limits of the basin

generally coincide with a well-defined series of faults occurring along

the base of the Inyo Mountains suid Nelson Rainge. The Inyo Mountains and

Nelson Range consist largely of Paleozoic sediments and pre-Tertiary

granitic rocks.
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Quaternary alluvium, which is exposed over much of the basin

floor, comprises the upper portion of the valley fill. Quaternary dune

sand deposits occur along the northwest and southeast periphery of Salt

Lake, a moist salt encrusted type of playa.

Water Supply

The principal source of ground water replenishment in the Saline

Valley Ground Water Basin is percolation of streamflow originating in the

watershed. Annual precipitation ranges from about four inches on the basin

floor to as much as 12 inches on the Inyo Mountains . Runoff from the sur-

rounding mountains flows down gullies and washes onto the basin floor.

Waucoba Wash, whose headwaters originate in the mountains along the northern

edge of the basin, carries runoff to Salt Lake during periods of heavy

runoff.

Recharge to the ground water basin occurs at a moderate to high

rate in the higher parts of the basin. The area underlying Waucoba Wash

is one of the most important recharge areas of the basin. Usable ground

water supplies are derived from the Recent and underlying older alluvial

deposits

.

Ground water flows from the upper slopes to the basin floor in

a path which approximates the slope of the land surface. Water level

measurements indicate that some ground water may travel into Saline Basin

as subsurface inflow from nearby Eureka Valley Ground Water Basin.

Development and Utilization . Development in Saline Valley

basin has been slow because of difficult access to the basin. Early

development of the valley originated about 1903 with mining of saline
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deposits. Salt production from these deposits increased until I913, "but

decreased thereafter and ceased in 195^. Runoff from Hunter Canyon pro-

vided the major supply of water used in making hrine from the saline de-

posits, but minor quantities of ground water were also used.

Spring water, and runoff from the surrounding mountains, prin-

cipally from Willow Creek, are the only known present sources of water

for domestic use.

Water Quality . Mineral analyses indicate that much of the

ground water in the Saline Valley Ground Water Basin is of inferior

qusLLity, as shown on Table 17- Analyses of water from Lower Wsirm Springs

(13S/39E-I8QI) indicate that this supply would be inferior for domestic

use because of its high fluoride concentration. Well (iUs/38e-35M1)

south of Salt Lake contains water that has a total dissolved solids con-

tent of 3,765 PpniJ this water also would be inferior for domestic and

irrigation uses.

Most surface water in the basin is of poor quality as well.

Only water from Addie Gulch (12S/37E-6J), in the extreme northwestern

tip of the basin, proved suitable for all purposes. The total dissolved

solids content of this water was 252 ppm. Willow Creek is inferior for

domestic use because it has a high fluoride concentration. Salt Lake

contains 315,000 ppm total dissolved solids or about nine and one-half

times as much as sea water.
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Death Valley Ground Water Basin (6-I8)

Death Valley Ground Water Basin, shown on Figure 10, extends

southeasterly from the California-Nevada state line through the north-

western part of Inyo County into northern San Bernardino County. This

basin, which has an area of about 1,316 square miles, is approximately

150 miles long and extends almost the entire length of the Amargosa River

Drainage Basin (No. 17)

.

The basin is bordered by the Grapevine, Funeral, Black, and Ibex

Mountains of the Amargosa Range on the east and the Avawatz Mountains on

the south. To the west is the Panamint Range which includes the Owlshead

and Cottonwood Mountains, and the Last Chance Range.

These bordering mountains rise to elevations of 5>000 to 11,000

feet; Telescope Peak in the Panamint Range is 11,0^4-9 feet above sea level.

The basin floor ranges from 282 feet below sea level at Badwater to ij-,000

feet above sea level in the northern end of the basin. Death Valley Lake

is an elongate playa lake which occupies the southern part of the basin.

Some kO miles long, this lake has an area of about I76 square miles.

Geology

A wide variety of rocks, ranging in age from Precambrian to

Recent, occur in the basin and surrounding highlands. The mountains of

the Amargosa Range to the east, the Avawatz Mountains to the south, and

the Panamint Range to the west consist largely of Precambrian and Paleozoic

sediments and metasediments, pre -Tertiary metamorphic and granitic rocks.

Tertiary volcanic rocks, and Tertiary sediments.

Quaternary alluvium, which is exposed over a portion of the basin

floor, comprises the upper portion of the valley fill. Sand dunes rising
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as high as 50 feet occur in the Mesquite plat area north of Death Valley

Lake, a moist, salt encrusted type of playa. This dry lake is the largest

playa in the Lahontan Region and forms an extensive salt flat.

Death Valley is a tremendous depressed fault block, or graben.

Northwesterly trending faults associated with the graben may act as bar-

riers to ground water movement.

Water Supply

The principal source of water supply in the basin is percolation

of streamflow originating in the watershed. Precipitation in the basin

area ranges from about two inches per year on the basin floor to 12 inches

per year on the upper peaks of the Panamint Range. Frequently, cloudbursts

produce as much as a half-inch of precipitation in a few minutes.

Runoff from precipitation on mountain and lowland areas in all

parts of the ground water basin flows toward the central axis of the basin

and then toward Badwater. Runoff from the northern end of the ground

water basin is carried southward by Death Valley Wash which joins Salt Creek.

In seasons of heavy precipitation this creek carries runoff to Badwater.

The infrequent surface runoff from the southern end of Death Valley is con-

veyed northward to Badwater by the Amargosa River. Even though the surface

flow in this portion of the river is sporadic, there appears to be almost

continuous subsurface flow in the sediments underlying its course.

Usable ground water supplies are derived from the Recent and

underlying older alluvial deposits. Recharge occurs at moderate to high

rates through the alluvial fans along the margins of the basin. Subsur-

face inflow from the nearby Valjean Valley Ground Water Basin provides
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additional recharge to the Death Valley Ground Water Basin. It is be-

lieved that Wlngate Basin may also be a source of subsurface inflow to

Death Valley Basin. All recharge moves toward Badwater.

Development and Utilization . Development of Death Valley re-

sulted principally from the discovery and subsequent mining of borax and

other mineral deposits. The famous "Twenty Mule Teams" hauled borax from

Death Valley during the l880's, but mining was discontinued when higher

grade and more easily treated deposits were discovered at other readily

accessible sites.

Nevertheless, Death Valley has continued to attract tourists,

and public interest in the historical features of the area led to the

establishment of the Death Valley National Monument in 1933. That por-

tion of the basin included within the borders of the national monument

is unavailable for private development.

The largest water user in the basin is the p\irnace Creek Ranch.

Water for irrigation and domestic use at the ranch is obtained from

Texas Springs and Furnace Creek Wash. Scotty's Castle, a major tourist

attraction, obtains water from springs in Grapevine Canyon. At the

Stovepipe Wells Hotel, springs provide water for drinking but a well pro-

vides water for other domestic needs.

In 1958> ^3 acres of dates and pasture were the only irrigated

crops. This represented a decrease from acreage irrigated in I905 when

more than 100 acres of alfalfa were irrigated. Since 1958) there has

been no significant change in the amount of irrigated acresige.

The estimated annual irrigation and domestic use of water in

the basin is 1,000 acre -feet, plirnace Creek Wash provides a surface flow
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of about U,100 acre-feet per year. However, much of the flow in the

Rirnace Creek Wash and in the other areas is lost for beneficial uses by-

evaporation, evapotranspiration, or by seepage.

The water supplies of this basin are used by permanent residents,

who number about 75- Additional water supplies are used seasonally by

hundreds of visitors and tourists who frequent the Death Valley resorts

during the winter months.

Water Quality . Mineral analyses of water samples from several

sources in Death Valley indicate that the majority are of inferior quality

for domestic and irrigation purposes, as shown on Table l8. The most sig-

nificant water quality problem is the high fluoride concentrations, but

high boron concentrations also constitute a serious problem. Fluoride

concentrations range from 0.10 to 7-5 ppm with a mean of 2.19 PPm and bo-

ron concentrations range from 0.02 to 11.9 ppm, with a mean of 0.93 ppm.

Ground water supplies from the northeast part of the basin and

from springs in the FUrnace Creek Wash area are predominantly sodium

bicarbonate in character. The total dissolved solids content of the water

sources increases continuously from north to south in the basin. Between

Grapevine Canyon (lls/l+3E-5El) and Stovepipe Wells (15SA5E-15D1), the

total dissolved solids content ranges from 575 to 2,250 ppm; springs in

the Plirnace Creek Wash area contain about 700 ppm of total dissolved solids.

The presence of high fluoride and high boron concentrations and

high percent sodium in these ground water supplies result in their classi-

fication as marginal or inferior.
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Water from springs in the Furnace Creek Wash area is marginal

for irrigation use but is suitable for crops, such as dates or pasture,

which are more tolerant to boron and sodium.

Springs in Emigrant Pass area in the west central portion of the

basin supply water of suitable quality, containing about 300 ppm total

dissolved solids. Most of these springs contain magnesium-calcium bicar-

bonate waters that are suitable for both domestic and irrigation uses.

Ground water extracted from a well (13S/33E-36KI) at the Stovepipe Wells

Hotel, a few miles north of Emigrant Springs and is sodium chloride in

character, is inferior for domestic and irrigation purposes because it con-

tains ^,^21 ppm total .dissolved solids. In the southern half of Death

Valley, ground water supplies are of inferior quality. However, Bennet's

Well (24n/1E-21X1), a developed spring, provides water which is suitable

for all purposes.

Generally the quality of these ground water supplies was im-

paired when the water, as it moved through saline sediments and salt de-

posits, dissolved excessive amounts of salts. Some surface water supplies,

including Salt Creek and the Amargosa River, accumulate salts as they flow

through saline deposits on their way toward Badwater. Analyses of water

samples from these streams indicate that total dissolved solids range from

'4-,000 to 12,000 ppm. At Badwater, such ground water contains as much as

'+0,000 ppm.
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Wingate Valley Ground Water Basin (6-19)

Wingate Valley Ground Water Basin, shown on Figure 11, occupies

a northeasterly trending irregularly-shaped area of about 66 square miles.

The main portion of the basin is in San Bernardino County, with a very

small portion extending northward into Inyo County; the basin lies within

the Amargosa River Drainage Basin, No. 17.

The basin is bordered by the Panamint Range on the north, the

Owlshead Mountains on the east, the Quail Mountains on the south, and

Brown Mountain and adjoining peaks on the west. Elevation of the basin

floor ranges from 1,700 feet in the northeastern end to 3^300 feet in the

southern end of the basin. Elevations in the surrounding mountains rise

to over 5,000 feet.

Geology

Tertiary volcanic rocks and Tertiary-Quaternary sediments occur

to the north and northwest in the Panajnint Range with pre-Tertiary granitic

and Tertiary volcanic rocks occurring in the Owlshead Mountains to the east.

The Quail Mountains to the south and Brown Mountain to the west consist

predominately of Tertiary volcanic rocks. Other peaks on the west consist

of Tertiary-Quaternary volcanic rocks . Quaternary alluvium, which is ex-

posed over much of the basin floor, comprises the upper portion of the

valley fill.

Water Supply

The sources of ground water replenishment to the basin are deep

penetration of direct precipitation and percolation of streamflow origi-

nating in the watershed. It is estimated that the annual precipitation in
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this "basin is less than five inches. Most of the runoff from the relative-

ly small drainage area flows easterly towards Death Valley through Wingate

Wash which traverses the basin.

Recharge occurs on the upper slopes of the basin at a moderate

to high rate. Ground water probably moves northeasterly from the recharge

areas following the hydraulic gradient towards Death Vailley. Usable

ground water supplies may be derived from the Recent and underlying older

alluvial deposits.

Development ajid Utilization . Most of the Wingate Valley Ground

Water Basin underlies a naval reservation, presently restricted for raili-

teiry use only. Prior to establishment of the naval reservation, mining

was the only activity in the basin. Gypsum deposits were mined in the

early 1900's and water hauled from Hidden Springs (26S/U7E-20Ql) provided

the water supply for these mining operations. At present this spring is

the only source of ground water in the basin.

Water Quality . Water from Hidden Springs has a fluoride con-

centration of 1.2 ppm and, therefore, is marginal for domestic purposes,

as shown on Table 19 . The water contains 656 ppm of total dissolved

solids and is sodium chloride-bicarbonate in character.
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Amargosa Valley Ground Water Basin (6-20)

Amargosa Valley Ground Water Basin, shown on Figure 12, is a

northwesterly trending irregular area of about 615 square miles in south-

eastern Inyo County within the Amargosa River Drainage Basin (No. I7).

The ground water hasin extends across the California-Nevada state line,

encompassing an euiditionaJ. area of 719 square miles in Nevada,

The basin is bordered "by the Resting Spring and Nopah Ranges

on the east; the Dumont Hills on the south; and the Greenwater Range, the

Ibex, Black, and Funeral Mountains on the west. Althoxogh the hasin extends

into Nevada, for the purposes of this report, the California-Nevada state

line is considered to be the northeastern border.

The floor of the basin ranges in elevation from about 1, 300

feet south of Tecopa to 2, 300 feet near the intersection of the Amargosa

River and the California-Nevada state line. Pyramid Peak in the Funeral

Mountains rises to an elevation of 6,725 feet above sea level.

Geology

The Resting Spring and Nopah Ranges to the east consist predomin-

antly of Preceunbrian and Paleozoic sediments and metasediments. Pre-Tertiary

metamorphic and Tertiary volcanic rocks also occur in the southern part of

these ranges. To the south, the Dumont Hills and their westerly extension

consist largely of Tertiary and/or Quaternary sediments, plus a variety of

other rock types, including pre-Tertiary granitic and Tertiary volcanic

rocks. To the west, the Funeral Mountains consist of Precambrian and Paleo-

zoic sediments and metasediments, and pre-Tertiary metamorphic rocks; the

Greenwater Range consists of Tertiary volcanic rocks and sediments with
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some pre-Tertiary granitic rocks; and the Ibex Mountains consist of Pre-

cambrian and Paleozoic sediments and metasediments, pre-Tertiary meta-

morphic rocks, and Tertiary volcanic rocks.

Quaternary alluvium is exposed over most of the basin floor.

The alluvium comprises the upper portion of the valley fill, which extends

to a depth of at least 900 feet. Quaternary lake deposits in the vicinity

of Shoshone and Tecopa have been eroded and dissected into a badland to-

pography. Quaternary playa deposits crop out locally. The Rirnace Creek

fault zone, a major structural feature, roughly corresponds to the north-

westerly trending axis of the basin.

Water Supply

The principal sources of water supply in the basin are deep pene-

tration of direct precipitation and percolation of streamflcw ofiginating

in the watershed. The grotmd water basin receives about four inches

of precipitation each year. Most of this percolates into the alluvium,

resulting in little surface runoff. The surface runoff resulting from in-

frequent rainstorms or flash floods usually flows toward the channel of the

Amargosa River which trends southeasterly through the basin, from the

California-Nevada state line to the Valjean Valley Ground Water Basin, to

the south.

The basin is largely recharged through the alluvial fans of the

bordering mountains. Most of these fans consist of material that generally

is capable of absorbing recharge at a moderate rate.

Ground water may be extracted from the Recent and underlying older

alluvial deposits. Ground water travels southeasterly through the basin,

generally following the course of the Amargosa River. Ground water flows
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from Nevada into the northeastern part of the basin and thence southward

toward Valjean basin. Movement of ground water is probably restricted

and runoff is partially ponded at times near Eagle Mountain, which is

situated close to the center of the valley.

Depth to ground water ranges from several hundred feet to flow-

ing conditions. Growth of phreatophytes along the channel of the Amargosa

River (where the river crosses the California-Nevada state line) indicates

that the ground water table is near the surface in the area. Several areas

near Shoshone and Tecopa Hot Springs are covered with lush plant growth;

this growth indicates that ground water occurs at shallow depths. Near

Shoshone, surface flow of ground water has been observed.

Development and Utilization . Development of the valley began

with mining activities in the late iSOO's which continued to the early

1900' s. Mining gave impetus for the building of towns, such as Ryan,

Greenwater, and Furnace. However, these towns were occupied for only a

short time because mining activities were sporadic. Water supplies for

the residents of these towns were obtained from springs and shallow wells.

Water for processing of borax at the Amargosa borax works (operated I882

to 1890, two miles west of Tecopa Hot Springs) was obtained from two

artesian wells.

In the southern part of the basin, ranches at Resting Springs,

Yeoman Hot Springs (Chappo Springs), and China Ranch, obtained continuous

flowing water from springs. Spring water was also used for domestic irri-

gation at Shoshone. In Chicago Valley, irrigation operations were unsuc-

cessful; although ground water was found at relatively shallow depths, its

quality was unsuitable for irrigation uses.
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The estimated quantity of ground water extracted from the wells

and springs in the basin annually is about 1,500 acre-feet. This quantity

supplies the requirements of about 65O people, most of whom live near or

in Shoshone and Tecopa.

Water Quality . Ground water in the Amargosa basin generally is

marginal to inferior in quality, as shown on Table 20, because of the

relatively high concentrations of fluoride aM boron, and percent sodium

>riiich exceed the limits for these constituents. Throughout the basin

ground water contains fluoride concentrations which exceed the permissible

limits for domestic use. High boron concentrations occur in ground water

in the area from Shoshone to Tecopa. Sodium is present at a high percent

in ground water obtained along the drainage course of the Amargosa River,

The total dissolved solids content of ground water ranges from

about 490 ppm to about 2, 3OO ppm. The latter high concentration was measured

in water from Tecopa Hot Springs, which eilso contained about 0.2 parts per

million arsenic, or about four times the maximum permissible limit for pub-

lic domestic supplies.

The mineral content increases in waters obtained along the Amargosa

River from north to south. Evaporation of shallow ground water results in

the accumulation of salts in the ground water and in the near-surface sedi-

ments. Flood waters may transport these salts farther down the river chan-

nel from the area of deposition, impairing ground water farther downstream.

In the drainage system of the river there are also areas which contain salt

and gypsum beds, which provide additional quantities of minerals and further

impair water quality. Lake beds in the vicinity of Tecopa contain layers of

salt which runoff water or percolating ground water may dissolve. Minerals
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in these deposits may also be dissolved by flood waters and transported

by the flood waters downstream to other areas.

The character of ground water in the basin varies. At Death

Valley Junction ground water is sodium bicarbonate, whereas at Shoshone

and Tecopa, ground water is sodium bicarbonate-sulfate. Along the mar-

gins of the basin ground water supplies contain more calcium and magne-

sium than sodium.
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Valjean Valley Ground Water Basin (6-21)

The Valjean Valley Ground Water Basin shown on Figure 13, is an

irregularly shaped area of about 293 square miles located in the north

central part of San Bernardino County within the Amaxgosa River Drainage

Basin (No. 17 ),

It is bounded on the north by the Kingston Range and Dumont

Hills, on the east by the Shadow Mountains, on the south by the Silurian

Hills and an alluvial high, and on the west by the Avawatz Mountains.

Kingston peak rises to an elevation of 7,328 feet; other surround-

ing mountains range from 2,500 to 5^000 feet in elevation. The basin floor

generally slopes to the west from an elevation of about 3,000 feet near its

eastern edge to an elevation of about 500 feet near Salt Spring. Silurian

Lake, in the southern part of the basin, covers an area of about 2.1 square

miles.

Geology

To the north, the Dumont Hills consist of Tertiary and/or Quaternary

sediments and the Kingston Range consists of pre-Tertiary granitic rocks. The

Shadow Mountains to the east consist of pre-Tertiary metamorphic and granitic

rocks and Tertiary sediments. Precambrian and Paleozoic sediments and meta-

sediments and pre-Tertiary metamorphic rocks occur in the Silurian Hills to

the south. An alluvial high also occurs here which extends from these hills

to the Avawatz Mountains. The Avawatz Mountains and adjoining hills to the

west consist of rocks similar to those found in the Silurian Hills.

Quaternary alluvium is exposed over most of the basin floor. The

alluvium comprises the upper portion of the valley fill which extends to a
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Valjean Valley Groimd Water Basin (6-21)

The Valjean Valley Ground Water Basin shown on Figure 13, is an

iipregularly shaped area of about 293 square miles located in the nor6h

central part of San Bernardino County within the Amajgosa River Drainage

Basin (No. I7),

It is bounded on the north by the Kingston Range and Dumont

Hills, on the east by the Shadow Mountains, on the south by the Silurian

Hills and an alluvial high, and on the west by the Avawatz Moiintains.

Kingston peak rises to an elevation of 7,328 feet; other surround-

ing mountains range from 2,500 to 5^000 feet in elevation. The basin floor

generally slopes to the west from an elevation of about 3,000 feet near its

eastern edge to an elevation of about 5OO feet near Salt Spring. Silurian

Lake, in the southern part of the basin, covers an area of about 2.1 square

miles.

Geology

To the north, the Dumont Hills consist of Tertiary and/or Quaternary

sediments and the Kingston Range consists of pre-Tertiary granitic rocks. The

Shadow Mountains to the east consist of pre-Tertiary metamorphic and granitic

rocks and Tertiary sediments. Precambrian and Paleozoic sediments and meta-

sediments and pre-Tertiary metamorphic rocks occvir in the Silurian Hills to

the south. An alluvial high also occurs here which extends from these hills

to the Avawatz Mountains. The Avawatz Mountains and adjoining hills to the

west consist of rocks similar to those found in the Silurian Hills.

Quaternary alluvium is exposed over most of the basin floor. The

alluvium comprises the aipper portion of the valley fill which extends to a
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depth of at least ^+25 feet. Quaternary dune sand and lake deposits occur

along the northwest and west edges of the basin respectively. Silurian

Lake is a dry type of playa.

Water Supply

Sources of groimd water replenishment to the basin are deep pene-

tration of precipitation and percolation of streamflow originating in the

watershed. The annual rainfall for the basin is estimated to be about

three inches. Rainfall on the surrounding mountains occasionally supplies

runoff to the basin. Kingston Wash, which extends in a westerly direction

across the middle of the basin to the Amargosa River, is considered to have

a high capacity for recharge aJid is probably the major recharge area. Sur-

face drainage into the basin also may occur from Riggs basin by way of Salt

Creek.

Subsurface inflow probably occurs from the Shadow Valley and Riggs

Valley Ground Water Basins. Ground water supplies may be derived from the

Recent and underlying older alluvial deposits. Ground water moves in a

westerly direction into Death Valley basin; the ground water outflow from

the basin is considered to feed Salt Spring.

Development and Utilization . Prospecting and mining in the sur-

rounding mountains have been the major development in the basin. A well

drilled to a depth of k2^ feet near the townsite of Valjean encountered no

water. The tracks of the Tonapah and Tidewater Railroad, which ran north-

ward through the center of the basin were built about the turn of the cen-

tury but have since been dismantled. The present water supply is derived

only from the few springs in the basin.
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Water Quality . Salt Spring (18n/7E-30D1) is the principal source

of water in the basin. This spring has "been known since Captain John C.

Fremont camped nearby on April 28, iSW*^. The character of the spring water

is sodium chloride and it is inferior for both domestic and irrigation uses

as shown on Table 21. Since I918 the total dissolved solids content has ranged

from 5,385 to 8,5UO ppm.
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Shadow Valley Ground Water Basin (6-22)

Shadow Valley Ground V/ater Basin, shown on Figure 1^*^, is an

irregularly shaped northwesterly trending area of about 271 square miles,

located in the northeastern part of San Bernardino County, within the

Amargosa River Drainage Basin (No. 17).

The basin is bounded on the north by the Mesquite Mountains,

on the east by the Ivanpah and Clark Mountains, by Teutonia Peak on the

south, and by the Shadow Mountains on the west.

The Kingston and Clark Mountains reach an elevation of 7, 323

and 7^929 feet, respectively, and Teutonia Peak attains a maximum eleva-

tion of 5,710 feet. The valley floor slopes northwesterly from an

elevation of about 5^000 feet near Teutonia Peak to 3^000 feet near

Kingston Wash.

Geology

The Mesquite Mountains to the north consist of Precambrian and

Paleozoic sediments and metasediments and pre-Tertiary granitic rocks.

The Ivanpah and Clark Mountains to the east consist of pre-Tertiary gran-

itic rocks. Tertiary and/or Quaternary sediments and rock similar to

those found in the Mesquite Mountains. Teutonia Peak is a prominent

feature of the pre-Tertiary granitic rocks which occur to the south and

southwest. Cinder cones occur in the Quaternary volcanic rocks to the

south and southwest. To the west, the Shadow Mountains consist of Pre-

cambrian and Paleozoic sediments and metasediments, pre-Tertiary meta-

morphic rocks. Tertiary sediments, and Tertiary and/or Quaternary sediments.
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Quaternary alluvium is exposed over most of the 'basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least UOO feet. Quaternary lake deposits occur in the

south central part of the basin near the old town site of Valley Wells.

The Mesquite thrust is a major fault zone in the Clark Mountains. A sim-

ilar type fault also occurs in the Shadow Mountains.

Water Supply

The principal source of ground water replenishment in the basin

is percolation of streamflow resulting from precipitation on the highland

areas of the watershed. The annual rainfall on the valley floor is esti-

mated to be from 5 to 7 inches, while that on the surrounding mountains

may be greater than 10 inches. There are many gullies incised in the

valley floor which drain to the north toward Kingston Wash. This wash in

turn drains westward out of the basin to Valjean Valley. The alluvial

fans of the Ivanpah Mountains are the major recharge areas for the basin

and their capacity fQr absorbing and transmitting water is rated moderate

to high.

Ground water within the basin which is found in the Recent and

underlying older alluvial deposits moves in a northerly direction, prob-

ably toward Kingston Wash. The hydraulic gradient from well 15N/12E-16H1

northward to well 16n/12E-33B1 is about ^+0 feet per mile. Although there

are no wells in the northern part of the basin, it is possible that there

is subsurface outflow from the basin into Valjean Valley. Since records

were first maintained in 1953> ground water levels have remained constant.
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Development and Utilization . Several mines on the western

slopes of the Clark and Ivanpah Mountains operated sporadically in the

early 1900's. Most of the ore obtained from these mines which included

copper, silver, gold, and tungsten was of low grade. Some of the copper

ore from the Copper World Mine was processed at a smelter in Valley

Wells and in I918 there were ahout 50 men working this operation. The

capacity of the smelter was about I50 tons per day. When cattle ranch-

ing was prevalent, it is estimated that about I50 people lived in the

valley.

Presently, there are about 10 wells in the valley, all of which

are located close to U.S. Highway 91 ih66). A number of these wells were

drilled for water to be used in the widening of this highway.

Ground water is used mainly for stock and domestic purposes

and it is estimated that the annual ground water extraction in the valley

is about 15 acre-feet per year. There are presently about 50 people

living in the valley.

Water Quality . The quality of the ground water, as shown on

Table 22, has remained marginal to inferior for domestic use for those

wells sampled since the period of record beginning in 1953* However,

the character of the ground water is variable. The total dissolved

solids content of ground water from 10 we3J.s and springs ranges from

3kh to 1,060 ppm and averages about 592 ppm. Water from well 16n/12E-26n1

is inferior for domestic use because of its high sulfate content (586 ppm).

The percent sodium ranges from 21 to 79 percent, while the fluoride

content averages l.U ppm.
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Riggs Valley Gro\md VJater Basin (6-23)

Riggs Valley Ground Water Basin, shown on Figure 15, is an ir-

regularly shaped area of about 99 square miles, located in the north

central portion of San Bernardino Coxmty, within the Amargosa River Drain-

age Basin (No. 17).

This basin is bounded on the north by an alluvial high, by a

series of low hills on the east and southeast, by the Soda Mountains on

the south, and by the Avawatz Mountains on the west.

The Avawatz Mountains rise to an elevation of 6,200 feet, while

other bordering mountains range from 2, 500 to 3> 500 feet in elevation.

The basin floor slopes from 2, 500 feet on the upper edges of the alluvial

slopes toward Riggs Lake, which stands at an elevation of 750 feet.

This dry lake covers an area of about 2.2 square miles.

Geology

An extensive alluvial high occurs to the north, forming the

boimdary between the Riggs and Valjean Ground Water Basins. The hills

to the east and southeast consist of pre-Tertiary granitic and metamor-

phic rocks. The Soda Mo\intains to the south consist of Precambrian and

Paleozoic sediments and metasediments, Triassic metasedlments and meta-

volcanic rocks, and pre-Tertiary granitic rocks. Along the western edge

of the basin, pre-Tertiary metamorphic rocks and Tertiary sediments occur

in the Avawatz Mountains; Triassic metasediments and metavolcanic rocks

occur in their southerly extension.

The Quaternary alluvium, which comprises the upper portion of

the valley fill, is exposed over most of the basin floor. Riggs Lake is

a dry type of playa and has a hard, smooth surface.
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Water Supply

The principal source of ground water replenishment to Riggs

Valley Ground Water Basin is percolation of streamflow originating in

the watershed. The annual rainfall for the basin is probably less than

three inches. Surface flows consist of runoff from the surrounding

mountains. On rare occasions Silver Laice has overflo\7ed into the basin

from the adjoining Silver Lalce Ground Water Basin when the Mojave River

has carried flood waters. Riggs Lalce drains northward into Salt Creek

when runoff fills the laJce. However, Salt Creek, which drains in a north-

westerly direction into Silurian Lake and thence to the Amargosa River,

is dry most of the year.

Alluvial fans on the Avawatz and Soda Mountains are the basin's

main recharge areas and their capacity is rated as moderate to high.

Ground water which is found in Recent and underlying older alluvium prob-

ably moves northward into the adjoining Valjean Ground Water Basin. Sub-

surface inflow occurs from Silver Lake Valley Ground Water Basin to the

east. There are no known wells in the basin.

Development and Utilization . Sporadic mining activities in

the surrounding mountains have been the only known development in the

area. The Tonopah and Tidewater Railroad at one time passed throxigh the

northwestern part of the basin; today only the railroad bed remains.

Water Q^ality . The quality of the ground water in the basin

is affected by the subsurface inflow of ground water from Silver Lake

basin to the east. The quality of this inflow is probably inferior for

both irrigation and domestic uses as indicated by water from well
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15N/8E-15Q1. As shown on Table 22, high concentrations of fluoride

(4.0 ppm), chloride (620 ppm), and percent sodium (88 percent) are the

causes of this inferior quality. The total, dissolved solids content

for vater from this well was 1, T'^-O ppm, which is in the margineil range.

The sodium chloride character of the water is the same as that of

Salt Spring (i8n/7E-30D1).
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Red Pass Valley Ground Water Basin {6-2k)

Red Pass Valley Groiind Water Basin, shown on Figure l6, is an

irregularly shaped 155 square mile area located in the north central part

of San Bernardino County, within the Amargosa Drainage Basin (No. 17 ).

The basin is bordered by the Granite Mountains on the north,

the Avawatz Mountains on the northeast and east, the Soda Mountains and

Tiefort Mountains on the south, and by a buried bedrock ridge and low

hills on the west.

The Avawatz Mountains reach an altitude of about 5^300 feet;

other surrounding mountains range from 2,300 to 3^900 feet in elevation.

The basin slopes southward from approximately U, 000 feet at its northern

extremity to an elevation of 1,858 feet at Red Pass Lake. This dry lake

covers an area of about 1.2 square miles.

Geology

The Granite Mountains to the north consist predominately of

pre-Tertiary granitic rocks with some Tertiary and/or Quaternary sedi-

ments. The Avawatz Mountains to the north and east include pre-Tertiary

granitic rocks, Triassic metasediments and metavolcanic rocks, and Ter-

tiary sediments. Pre-Tertiary granitic and metamorphic rocks and Ter-

tiary and/or Quaternary sediments are exposed to the south in the Tiefort

Mountains. Similar type rocks, Triassic metasediments and metavolcanic

rocks, and Tertiary volcanic rocks occur in the Soda Mountains to the

south. A buried bedrock ridge and hills consisting of pre-Tertiary

granitic, and Quaternary volcanic rocks occur to the west.

I
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Quaternary alluvium is exposed over most of the basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least 500 feet. Red Pass Dry Lake is a dry type of

playa.

Water Supply

The principal source of ground water replenishment to Red Pass

Valley Ground Water Basin is percolation of streamflow originating in the

watershed. The annual rainfall is probably less than four inches. Runoff

from the surrounding mountains is the basin's only source of surface water.

The principal recharge areas are the alluvial fans of the Avawatz and Soda

Mountains which have a moderate recharge capacity.

Ground water is stored in Recent and underlying older alluvial

deposits. Subsurface outflow may occur from the southern portion of the

basin into Cronise basin. There is only one known drilled well (15N/6E-3'<^L1)

in the basin at present and in May 19^^, depth to water in this well was

368 feet. This well was drilled in connection with water supplies for the

Csimp Irwin Military Reservation.

Development and Utilization . The great depth to water in the

basin has discouraged any homesteading or irrigation. Presently, Camp

Irwin personnel are the only people known to use this area.

The only wells known to exist are the test well previously men-

tioned and a dug well (15N/5E-35Z1) which was reported to be dry to a

depth of 65 feet. There is no known extraction of the ground water from

the basin at present.
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Water Quality . There has been no known chemical or radio-

activity analysis made on the ground water in the basin.
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Bicycle Valley Groimd Water Basin (6-2^)

Bicycle Valley Groiind Water Basin, shown on Figure 17, is an

irregularly shaped, northwesterly trending area of about 122 square miles

located in the northern part of San Bernardino County within the Amargosa

River Drainage Basin (No. 17).

Bicycle basin is bounded on the north and northeast by the

Granite Mountains, on the east by a buried bedrock ridge, on the south-

east by -cne Tiefort Mountains, and by a series of unnamed mountains on

the southwest and northwest.

The Granite Mountains reach an elevation of 5,299 feet, and

the other mountainous areas average about ^,500 feet in elevation. The

valley floor ranges in elevation from about 3, 300 feet along the northern

margins of the basin to 2,351 feet at Bicycle LaJce to the south. This

dry lalce covers an area of 2.1 square miles.

Geology

The Granite Moxontains to the north and northeast consist of

pre-Tertiary granitic rocks. A buried bedrock ridge with hills of pre-

Tertiary granitic and Quaternary volcanic rocks occur to the east. Sim-

ilar type rocks and pre-Tertiary metamorphic rocks occur to the south-

east in the Tiefort Moimtains. The mountains to the southwest consist

predominantly of Tertiary volcanic rocks with some pre-Tertiary granitic

and metamorphic rocks. Quaternary volcanic rocks, and Tertiary and/or

Q^atemary sediments. Pre-Tertiary granitic rocks and Tertiary and

Qjiatemary volcanic rocks occur in the hills to the northwest.
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Quaternary alluvium is exposed over a portion of the basin

floor. The alluvium comprises the upper portion of the valley fill

which extends to a depth of at least kkO feet. Bicycle, McLean, and

Nelson Lakes are dry types of playas.

Water Supply

The sources of groTuid vater replenishment to the basin are deep

penetration of precipitation and percolation of streamflov originating in

the watershed. The annual rainfall is probably less than two inches

and surface inflow to the basin is limited to the occasional runoff from

the surrounding mountains . The alluvial fans from the Granite and

Tiefort Mountains are the main recharge areas and are rated as moderate

to high.

Ground water, which is found in the Recent and underlying older

alluvium, probably moves in a southerly direction toward Bicycle Lake.

This internally drained basin has no known subsurface inflow or outflow.

The depth to water in the only well in the basin (ll+N/3W-13ia) was I71

feet in February 1955-

Development and Utilization . The first known activity in the

basin began in 19^0 when Camp Irwin, a military reservation, was estab-

lished. The main post of Camp Irwin is located in the Langford basin,

however, military exercises are held throughout the area of the Bicycle

Valley Ground Water Basin. Bicycle Lake is utilized as an emergency

landing field. Well 1Un/3W-13K1 was drilled for test purposes in con-

nection with a study to develop a water source closer to Camp Irwin. The

well is not used at present and has been capped.
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Water Q^ality . The results from a chemical analysis of water

from well 14n/3W-13K1 indicate it to be inferior for domestic use because

of its fluoride content of 1.6 ppm. A percent sodium of jk classifies

this water as marginal for irrigation purposes, as shown on Table 2^.

The general character of the water is sodium bicarbonate and it has a

total, dissolved solids content of 608 ppm.
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Leach Valley Ground Water Basin (6-27)

Leach Valley Ground Water Basin, shown on Figure l8, is an

irregularly shaped east-west trending area of about 68 square miles lo-

cated in the north central part of San Bernardino County, within the

Amargosa River Drainage Basin (No. 17),

The Owlshead, Quail, and Avawatz mountains encircle the basin

on the north as do the Granite Mountains on the south. An alluvial high

bounds the basin on the west.

The Granite Mountains rise to an elevation of kfk'jh feet, the

Quail Mountains attain a maximum elevation of 5^100 feet, while the re-

maining mountainous areas rise to a maximum of 3, 8OO feet in elevation.

The basin floor slopes centripetally toward Leach Lake; the floor ranges

in elevation from 2,500 at its outer limits to 1,921 feet at the dry lake

which covers an area of 2.05 square miles.

Geology

The Quail, Owlshead, and Avawatz Mountains to the north include

pre-Tertiary granitic and meteimorphic rocks. Tertiary volcanic rocks,

Tertisiry sediments, emd Tertiary and/or Quaternary sediments. The Granite

Mountains to the south consist of pre-Tertiary graoiitic rocks while the

Avawatz Mountains also include Triassic metasediments and metavolcanic

rocks. An alluvial high occurs to the west "between the Quail and Granite

Mountains,

Quaternsuy alluvium, which is exposed on most of the basin floor,

comprises the upper portion of the valley fill. The easterly trending

Gsurlock fault zone extends through the mountains along the northern part

of the basin. One of the faults from this zone divides Leach Lake, a
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compound type of playa, into two parts . The northern part of the playa

is moist; the southern part, dry.

Water Supply

The principal source of ground water replenishment to Leach Lake

Valley Ground Water Basin is percolation of streamflow originating in the

watershed. The annual rainfall for the basin is probably less than four

inches. During cloud bursts, the numerous washes which drain the sur-

rounding mountains may convey runoff to the basin. Alluvial fans from the

Quail and Granite Mountains are the basin's major recharge areas and their

capacity is rated as moderate. There are no drilled wells in the basin,

but it is believed that the ground water which is probably stored in the

Quaternary alluvium and underlying sediments moves toward Leach Lake . The

depth to ground water on the north moist side of the dry lake is probably

less than 10 feet. The basin is believed to have no subsurface inflow

or outflow.

The only water supply is obtained from three springs located in

the ravines on the southern side of the basin. These developed springs

have been observed to be either flowing or to be within a foot of the

ground surface since 191T«

Development and Utilization . Leach Spring (l7N/lE-2i+Dl) was a

well-known watering place in the Mojave Desert and was used by the "Twenty

Mule Teeims" traveling the old Randsburg Road, which passes about two miles

north of the spring. The springs were probably developed by people who

traveled through this basin. Some prospectors have been in the area at
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various times, but there has never been homesteading or any other devel-

opment in the basin. Wo one is known to be presently living in the basin.

Water Quality . The only available analyses of water from the

basin are from Leach Spring (17N/1£-24d1), Desert King Spring (17N/2E-36b1),

and Two Springs (17N/3E-22J1). As shown on Table 25, these spring waters

are marginal or inferior for domestic purposes due to the concentrations

of fluoride of 2.0, 1.0, and 22.5 ppm^ (the highest value found in the

Lahontan Region) respectively. Two Springs water is also considered in-

ferior for irrigation purposes because it has a sodium content of 9^.5

percent. The toteil dissolved solids content ranges from 308 to 698 ppm

and the character of these waters varies.

The quality of ground water in the basin, other than the springs,

is unknown due to the lack of any wells. Ground water in the vicinity of

the dry lake probably would be highly mineralized, but ground water of

suitable quality might be encountered on the higher portions of the

alluvial fans.
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Lost Lake Valley Ground Water Basin (6-71)

Lost Lake Valley Ground Water Basin, shown on Figure 19, is an

irregularly shaped, generally northerly trending area of about ^4^1 square

miles located immediately south of the Inyo-San Bernardino County line in

San Bernardino County, within the Amargosa River Drainage Basin (No. I7).

The basin is completely enclosed by the Owlshead Mountains, ex-

cept on the south where It is bounded by the Quail Mountains. The Owlshead

Mountains rise to an elevation of i4^,'4-00 feet and the Quail Mountains attain

a maximum elevation of 5>100 feet. Elevations of the floor of the basin

range from 2,335 feet at Lost Lake to 3>000 feet along the southwest por-

tion of the basin.

Geology

The Owlshead Mountains consist predominantly of pre -Tertiary

granitic. Tertiary volcanic, and Tertiary-Quaternary volcanic rocks. Ter-

tiary and/or Quaternary sediments occur to the southeast and in the drain-

age divide to the north. Quaternary alluvium, which is exposed over most

of the basin floor, comprises the upi)er portion of the valley fill. Lost

Lake is a dry type of playa, covering an area of about h.k square miles.

Water Supply

The principal source of ground water replenishment to Lost Lake

Valley Ground Water Basin is percolation of streamflow originating in the

watershed. The basin annually receives about five inches of rain and has

a relatively small drainage area. Runoff flows to the east side of the

larger part of the basin, thence to Lost Lake.
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The fans fringing the basin are considered to "be the ground

water recharge ej'eas and are believed to be capable of a moderate re-

charge rate. Ground water is stored in Recent and underlying older

alluvial deposits. Depth to ground water is unknown, however, the

hydraulic gradient would probably be nearly flat and slope down toward

Lost Lake or to the northern end of the basin.

Development and Utilization . The basin has no known wells or

other development except for a few small mines. Quail Spring, on the

north slope of the Qixail Mountains, is the only known source of water

in the area and is utilized by prospectors for domestic purposes.

Water Quality . The water obtained from Quail Spring is con-

sidered to be suitable for all prevailing uses, as shown on Table 26.

It has a total dissolved solids content of 356 ppm and is sodium

bicarbonate-chloride in character.
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Denning Spring Valley Ground Water Basin (6-78)

The Denning Spring Valley Ground Water Basin, shown on Figure 20,

is a small elongate, northwesterly trending area of about 12 square miles

located in the north central part of San Bernardino County within the

Amargosa River Drainage Basin (No. 1?).

The Avawatz Mountains, which nearly encircle the basin, attain

a maximum elevation of about 6,000 feet. The floor of the basin slopes

in a northwesterly direction ranging in elevation from about 5>^00 feet

to 1,600 feet.

Geology

The basin is bordered by a complex of pre-Tertiary granitic and

metajnorphic rocks. Paleozoic sediments, Triassic metasedimentary and meta-

volcanic rocks. Tertiary sediments, and Tertiary volcanic rocks of the

Avawatz Mountains. This fault-controlled basin occurs near the Junction

of the Garlock and Death Valley fault zones, which account for the litho-

logic and structural complexity of the basin. The unconsolidated sedi-

ments which are exposed over the basin floor comprise the upper portion

of the valley fill.

Water Supply

The principal source of ground water replenishment to Denning

Spring Valley is percolation of streamflow originating in the watershed.

The annual rainfall for the valley is probably less than five inches

and the only surface flow occurs as runoff from the surrounding

mountains, p^ns of the Avawatz Mountains are the major recharge areas
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for the valley and the capacity of these fans is rated as moderate. There

is no subsurface inflow to the basin, but ground water which is found in

Recent and underlying older alluvial deposits probably moves in a north-

westerly direction into Death Valley basin.

The water level in the Denning Spring Well (17N/5E-5X1), the

only known well within the basin, has been within four feet of the groxmd

surface since 1917

•

Development and Utilization . Denning Spring and Denning Spring

Well, located in the northern part of the basin, have been used by pros-

pectors. Another spring also in this area is Cave Spring (17N/5E-27X1)

which is situated south of the basin but within its drainage area. There

never has been any significant development in the basin and presently

there is no ground water extraction.

Water Quality . As shown on Table 27, the quality of the water

from the Denning Spring Well and Cave Spring is rated as marginal and in-

ferior, respectively, for domestic use. This rating is based on the

fluoride content of the water: Cave Spring has a fluoride concentration

of 2.5 ppm; water from the Denning Spring Well has a fluoride content of

1.2 ppm. The water at Cave Spring is calcium bicarbonate- sulfate in

character; the water from the Denning Spring Well, calcium- sodium bicar-

bonate. Water from both sources have a totsQ. dissolved solids content of

about U50 ppm.
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California Valley Ground Vfater Basin (6-79)

California Valley Ground Water Basin, shown on Figure 21, is

a roughly triangular shaped area of about 80 square miles located in the

southeast portion of Inyo County, and partially extending into northeastern

San Bernardino County, within the Amargosa River Drainage Basin (No. 1?).

The basin is bordered on the northeast by a group of low moun-

tains, by the Kingston Range and adjoining mountains on the southeast,

by the Dumont Hills on the southwest, and by the Nopah Range on the west.

Kingston Peak, rising to an elevation of 7, 328 feet, is the

highest point within the drainage area of the valley. Elevations of the

valley floor range from a low of 2,200 feet at the southwest comer to

3,000 feet in the northern end of the basin.

Geology

To the northeast, buried bedrock ridges occur between low

mountains composed of Precambrian and Palezoic sediments and metasedi-

ments and Q^atemary sediments. The Kingston Raxige and adjoining moun-

tains to the southeast consist of pre-Tertiary granitic and metamorphic

rocks, and Precambrian and Paleozoic sediments and metasediments. Pre-

cambrian and Paleozoic sediments and metasediments and Tertiary and/or

Quaternary sediments occur in the Dumont Hills to the southwest. The

Nopah Range to the west consists predominantly of Precambrian and Paleo-

zoic sediments and metasediments.

Quaternary alluvium, which is exposed over most of the basin

floor, comprises the upper portion of the valley fill. Quaternary lake

deposits occur in part along the western edge of the basin adjacent to

the Nopaii. Range.
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Water Supply

The principal source of ground water replenishment in California

Valley Ground Water Basin is percolation of streamflow originating in

the watershed. The basin receives an annual rainfall of about five inches.

Surface runoff, derived mainly from the Nopaii and Kingston Ranges, drains

to the southwest toward Willow Creek vhich, in turn, joins the Amargosa

River.

The alluvial fans of the Nopah and Kingston Ranges are the

major recharge areas and are capable of absorbing and transmitting water

at a moderate rate. Ground water which is found in Recent and underlying

older alluvial deposits follows the same general direction as the slope

of ground surface and outflow occurs through the alluvium in Willow Creek.

The depth to water at the Davis Well (20N/9E-6ri) is about

U2 feet; at Willow Creek (20W/8e-27Q1), it is about 8 feet. The south-

westerly sloping hydraulic gradient between these two wells is about kO

feet per mile.

Development and Utilization . Ground water has been utilized

mainly for mining and ranching operations that have been conducted inter-

mittently since the early 1900's. The bulk of the mining activities is

on the southwest side of the valley and the two mining camps located

there are the headquarters for the lead, silver, zinc, and talc mines.

Ground water is obtained from well 20N/8E-27Q1 for use in these mining

activities. Ranching is carried on mainly in the form of stock raising.

Well 20N/9E-6r1 is used for watering of stock; water from Horse Spring

19N/10E-3C1 is piped two miles to the north for domestic and stock use.
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It is estimated that there are about 75 residences in the basin, some of

which are only occasionally occupied. The water supply, which is largely

extracted from the two known wells, is supplemented by water obtained

from springs. An estimated 100 acre-feet of water is annually utilized

in the basin.

Water Quality . The ground water in the basin is considered

to be suitable for irrigation use but marginal to inferior for domestic

use, due to the fluoride concentrations of 1.1 to 1.8 ppm, as shown on

Table 28. The total dissolved solids content of the ground water is

about 500 ppm. Water from Crystal, Beck, and Horse Spiangs contains a

total dissolved solids content of about 350 ppm and is suitable for all

prevailing uses.

Ground water from wells 20N/8e-27Q1 and 20N/9E-6R1 is sodium-

magnesium bicarbonate-sulfate in character while water from the springs

is magnesium or calcium bicarbonate in character.
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Pahrump Valley Ground Water Basin (6-28)

Pahnjmp Valley Ground Water Basin, shown on Figure 22, is a

northwesterly trending rectangularly shaped area of about ^0 square

miles. The basin extends across the California-Nevada border; the por-

tion of the basin lying within California includes an area of about 1^+6

square miles and is located in the southeastern corner of Inyo County,

in the Ivanpeih Drainage Basin (No. l8).

The basin is bordered on the west by Resting Spring and Nopah

Ranges, and on the south by the Kingston Range. Maximum elevations in

the bordering Nopah and Kingston Ranges are 6,U00 feet axid 7,320 feet

respectively. The elevation of the valley floor is approximately 3,000

feet.

The lowest point in the valley is Stewart Lake, at an eleva-

tion of 2,^57 feet; the lake has an area of about six square miles.

Pahrimp Lake, also located within the basin, stands at an elevation of

2,512 feet; it encompasses an area of about ten square miles.

Geology

The valley is bordered to the north and east by the Paleozoic

and Precambrian sediments and metasediments which predominate in the

Spring Mountains; and to the south and west by the same rock units in the

Kingston, Nopah, and Resting Spring Ranges.

The Quaternary alluvium is exposed over much of the basin floor,

comprising the upper portion of the valley fill, which extends to a depth

of at least 800 feet. Pahrump Lake is a dry type of playa; Stewart Lake,

a moist type of playa. The dune sand deposits in the southern portion
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of the basin, and the playa deposits are generally less than 100 feet

thick.

Water Supply

The principal sources of ground water replenishment in the "basin

are percolation of streamflow originating in the watershed and deep pene-

tration of direct rainfall. However, only a small part of the precipita-

tion recharges the alluvial fan and valley fill materials because of

evaporation and transpiration losses . The water that reaches the ground

water reservoirs is ultimately discharged through springs and wells or by

evaporation and transpiration. Estimates indicate that approximately

23,000 acre-feet of water is annually available for recharge.

Records show that the average annual precipitation on the valley

floor is less than six inches. There are no perennial streams; most of

the streams are intermittent. The only noticeable streajnflow occurs below

Bennetts Springs which discharges large quantities during the spring months;

the resulting stream flows on the surface for several miles before percola-

ting into the ground.

Ground water occurs at shallow depths, ranging to about 50 feet

below the surface in the basin lowlands, and near the lower margin of the

alluvial fans. At these points, the water is usually under slight artesian

pressure; in many places, however, it is unconfined but apparently

receives recharge from the underlying confined deep aquifers which appear

to be the main source of supply to the valley. Forebay areas for these

deeper confined aquifers are the upper reaches of the alluvial fans that

fringe the valley.
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There is neither surface inflov tOj, nor outflow from Pahrump

Valley. Ground v/ater under natural conditions flows centripetally from

the outer rim of the valley toward the dry lakes except where depres-

sions created by the greatest extractions of pumping wells modify the

direction of ground water movement. Data indicate that vraiter levels

fluctuate in response to withdrawal rates.

Development and Utilization. In the late iSOO's and early

1900 's, development of the mining industry occurred in the mountains

surrounding Pahrump Valley. The settlement of Pahrump obtained water

from Bennett's Springs which reportedly flowed at 2,000 gallons per

minute. Water was first utilized for irrigation from the springs lo-

cated at Pahrump and Manse ranches in the late I870 ' s . Wells drilled

to greater depths at these locations in 1915 yielded large artesian flows

from lower zones . In I9I6, more than 500 acres of alfalfa and grain

were irrigated by these springs and wells. An attempt at farming during

this period in Stewart Vdlley failed due to the alkalinity of the soil

and an insufficient v/ater supply.

Production of crops increased very slowly until the 19^+0 's

when severaJ. additional wells were drilled and more laxid was developed.

In i960, about 3)300 acres of cotton and ^00 acres of alfalfa were under

irrigation with production still centered in the areas around the Pahrump

and Manse ranches . Since the irrigated land at present is on the Nevada

side of the ground v/ater basin, it was deemed advisable to include data

on water utilization and quality in the entire Pahrump Valley.

Several wells were drilled in the 1950's on the Hidden Hills

Ranch in the southern portion of the valley. This is presently the only
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area on the California side of the valley where wells exist, however,

they are not used for irrigation "because of relatively poor yield of

water and the excessively large drawdown as shown in Diagram 3-

The number of wells in the Nevada side of the valley has in-

creased from 27 in I916 to 56 in 19^6. Thirteen of these wells were

flo'^ng in 1916 and 2k in I9U6. Since 196O to the present, well-drilling

activity in the basin has increased.

The only significant id.thdrawal of ground water in the valley

for the period 1916-19^0 was at the Peihrump and Manse Ranches. The

ground water extraction, including Bennett's and Manse Springs, was

fairly constant for the period and is estimated to have been about 9^600

acre-feet a year. In the 19^+0 's development increased greatly and the

annual ground water withdrawal increased to about 17,500 acre-feet.

Water Quality . The quality of ground water from wells through-

out the valley is suitable for all beneficial uses except that from well

20S/52E-6R1, as shown in Table 29. The quality of Abater from this well

is inferior for domestic use because of its fluoride concentration of

about 2 ppra. The water has a total dissolved solids of S^fl ppm while

ground water from the rest of the basin ranges from I76 to 538 ppm. The

character of the ground water in the valley varies from calcium-magnesium

bicarbonate to magnesium-calcium bicarbonate. The radioactivity level

from nine samples ranged from I.3 to 33-^ pc/l total activity with a

median of 3-8 pc/l.
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Mesquite Valley Ground Water Basin (6-29)

Mesquite Valley Ground Water Basin, shown on Figxire 23, is

located along the California- Nevada Border in the Ivanpaii Drainage Basin

(No. 18). The portion of the basin lying within California is situated

in the northeast portion of San Bernardino County, and the southeast

corner of Inyo County and includes an area of about 125 square miles.

This roughly oval- shaped area is bordered on the northwest by the

Mesquite Mountains aind Kingston Range and on tne south by the Clark Mountains.

Although the ground water basin extends into Nevada, for the purposes of

this report, the California-Nevaida state line is considered the northeast

boundary.

Maximum elevation is attained on Kingston PeaJc, in the Kingston

Range, which rises to 7,328 feet. The valley floor ranges in elevation

from 2,5^0 at Mesquite Lake, which is about seven square miles in extent,

to about 2,700 feet in the northeast end of the basin.

Geology

Mesquite Valley is bordered on the north by an ailluvial high,

and to the east and south by Precambrian and Paleozoic sediments and meta-

sediments of Clark Mountain. Similar rocks crop out to the southwest in

the Mesquite Mountains, and in the Kingston Range to the northwest. How-

ever, the core of the mass that culminates in Kingston Peak consists of

pre-Tertiary granitic rocks

.

The Quaternary alluviiim is exposed over much of the basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least 1, 180 feet.
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Water Supply

The principal source of ground water replenishment in Mesquite

Valley Ground Water Basin is percolation of streamflow originating in

the watershed. The annual rainfall ranges from about three inches on

the vsilley floor to nine inches on the higher peaiks of the surrounding

mountains. The surface waters flow down numerous channels, from the

outer edges of the valley, centripetally towards Mesquite Lake. There

are no major river channels in the basin, and there is neither surface

inflow from, nor outflow to,, external valleys.

The ground water basin is recharged at a moderate rate through

the alluvial fans which fringe the valley. Usable supplies of ground water

are derived from the Recent and underlying older alluvial deposits. Ground

water moves in the same general direction as the slope of the land surface,

that is, towards the dry laJce where a slight pressure area exists

T

Diagram k depicts the general slope of the ground water table. Depth to

water varies from ten feet below the surface near the dry lake, to 129 feet

in tne northern portion of the valley. The water table gradient slopes

toward the dry leike from the north end of the valley at a rate of about

3-I/2 feet per mile. The natural movement of the ground water is altered

by water level depressions caused by pumping wells. Well 19N/12E-1^M1 is

reported to have a drawdown of 125 feet at a pumping rate of 1, 5OO gpn and

is believed to be representative of wells in the valley.

Development and Utilization . The early valley residents were

involved in the mining operations which occurred mainly in the Spring

Mountains. Mining became so important that by the early 1900's there were
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several thousand people working and living in the valley. Because water

of inferior quality was encountered around Mesquite Lake, the main develop-

ment occurred in the north- central portion of the valley where better

water was found. In I916, 3^ wells axe known to have existed, most of

which were dug. Most of these wells have since been destroyed or replaced

with drilled wells and at present there are about 40 wells in the valley.

About 25 people presently reside in the valley.

During the period 1910-14 several unsuccessful attempts were

made to irrigate with ground water on an extensive scale. The failure of

these operations was attributed to the poor quality of the soil rather

than that of the ground water. In 1916 a few acres of alfalfa were suc-

cessfully grown, however, very little farming was done prior to 1952 when

several more wells were drilled for irrigation use. Approximately 2,200

acres of land were cleared on the California side of the valley in prepa-

ration for irrigation during the period 1953-55^ ^ut few acres have

produced a crop. In the summer of 1955 about 3OO acres of cotton were

under irrigation and in 1958^ 724 acres of castor beans, alfalfa, and

pasture were being irrigated. Based upon these production figures, the

annual ground water extraction from the basin is estimated to be about

4,000 acre- feet per year. The present extraction is believed to be within

the safe yield because water levels have varied only a few feet within

the period of record.

Ground Water Quality

The ground water obtained in the northern half of the valley is

generally of suitable quality but the water from the southern half in the

area of Mesquite Lake is generally of marginal to inferior quality as

-224-



shown on Table 30- The character of the ground water varies greatly

within the hasin, however, calcii:un and magnesium are generally the pre-

dominant cations and bicarbonate is generally the major ajiion. Ground

water from the area around Mesquite Lake is sodium chloride in character.

According to owners and drillers, several wells drilled to depths of

700 feet or more, and producing from these deeper zones, have yielded

water unsuitable for irrigation.

The total dissolved solids content of the ground water from

the northern half of the valley generally varies from 3OO to 5OO ppn while

the ground water from the southern half of the valley generally varies

from 1,000 to 1,500 ppm. During the period 1953-60, in the central por-

tion of the valley, the water quality analyses showed degradation has

occurred in ground water from four wells and improved in two of the wells

as shown in the tabulation below:

CHANGES IN WATER QUALITY AT SELECTED WELLS
IN MESQUITE VALLEY GROUND WATER BASIN

Well number

25S/57E-5G1

19N/l2E-2m

-1^1

-ikW.

19N/12E-23H1

-26HI

Degraded Waters

Date T.D.S. SOk

10- 5-53



With the exceptions shown in this tabulation, the quality of

the ground water from all other wells in the basin has remained fairly

constant.
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Ivanpah Valley Ground Water Basin (6-30

)

Ivanpah Valley Ground Water Basin shown on Figure 2kj occurs in

the northeast portion of San Bernardino County and is the southernmost

ground water basin in the Ivanpah Drainage Basin (No. l8). The northern

part of the basin extends into Nevada. The portion lying within California

is a northerly trending area of about 303 square miles.

The basin is bordered by the Clark Mountains on the northwest, by

the Ivanpah Range on the west, by the New York Mountains on the southeast,

and by the California-Nevada State line on the northeast. Maximum elevation

is attained on Clark Mountain which rises to 7^900 feet. Elevation of the

valley floor varies from a low of 2,595 feet at Ivanpah Lake, to about ^+,000

feet at the southern end of the basin.

Geology

The basin is bordered to the north and northwest by Paleozoic

sediments of the Clark Mountains, to the southeast by pre-Tertiary granitic

and metamophic rocks of the New York Mountains, and to the southwest by pre-

Tertiary granitic rocks of the Ivanpah Mountains.

The Quaternary alluvium is exposed over much of the basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least 825 feet. Ivanpah Lake is a dry type of playa which

has a hard clay surface, and an area of about 31 square miles.

The surrounding mountains are highly faulted and the valley is

traversed by several prominent northwesterly trending faults which may act

as barriers to ground water movement.
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Water Supply

The so\arces of groixnd water replenishment to Ivanpah Valley

Groimd Water Basin are deep penetration of direct precipitation and

percolation of streamflow originating in the watershed . •

The valley floor receives sin annual precipitation of three to

four inches, increasing to about ten inches at higher elevations in the

surrounding mountains; at the higher levels precipitation frequently occurs

in the form of snow. The surface flows are all directed centripetally

toward Ivanpah Lake. There are no main channels and iiiere is probably

neither surface inflow from, or outflow to surrounding areas.

The ground water basin is recharged at a moderate to high rate

through Wheaton Wash and the alluvial fans . Ground water in the Recent and

underlying older alluvial deposits moves in a northerly direction toward

Las Vegas, Nevada. Faults, which are noticeable at the surface east of

Ivanpah Dry Lake, may act as partial barriers to ground water movement.

Although water level elevations are varied in this locale, the predominant

ground water movement is toward the north. Ground water from Ivanpah Valley

may possibly seep through to Las Vegas Valley whose \ra.ter levels are much

lower in elevation. It may be possible that the leakage is sufficient from

Ivanpah Valley so as to balance the relatively small annual ground water

recharge and thereby keep the water table down in the valley. A pressure

area exists in the general vicinity of Ivanpah Lake.

The depth to water, excluding springs, varies from about 15 to

3k feet near V/heaton Wash (16n/iUe-23Q1) to over 5OO feet at Nipton

(16N/16E-33M1). The depth to water in the vicinity of the dry lake Is
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about 90 feet. The water table gradient from the County Maintenance Yard

(15N/15E-I3GI), just north of Ivanpah, to Borax Siding in Nevada, is about

2 feet per mile as shown on Diagram ^.

Development and Utilization . The development of the valley has

been slight, mainly due to the lack of water of suitable quality. In the

early 1900's mining enterprises and small ranches obtained reliable, but

small, supplies of water from springs in the surrounding mountains.

Attempts at irrigation were made, but proved to be unsuccessful because

the depth to water was too great in the portions of the valley where suit-

able soil conditions exist. V/here the pumping lift is the least, impaired

ground water is encountered and the soil is too clayey and too alkaline for

successful cultivation. There is no known irrigated agriculture in the

valley at present.

Most of the wells in the valley are located along Highway 91-^66

or along the Nipton Road. The total number of wells has increased very

little during the last hO years; I6 wells were known to exist in 1919 and

in i960 there were I9 wells. The valley is estimated to have a population

of about 100 inhabitants.

Ground water extracted from the valley is relatively small in

quantity with well I5 l/2W/l5E-20Jl probably extracting the greatest amount.

The water from this well is piped approximately 8-1/2 miles to the Moun-

tain Pass Mine of the Molybdenum Corporation which mines rare eaxths. The

rest of the wells are mainly utilized for domestic or stock watering pur-

poses. The annual ground \ra.ter extraction is estimated to be about 200

acre-feet per year.
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Water Quality . The majority of the ground water produced from

Ivanpah Valley is marginal to inferior in quality, largely because of the

high concentration of fluoride (up to 9 ppm) and percent sodium (up to

97 percent). The ground water generally has a total dissolved solids con-

tent of 300 to 500 ppra which has remained fairly constant for the period

of record with the exception of wells I6N/1UE-3ILI and -31L2 in Wheaton Wash.

Sluicing waters from the Mountain Pass Mine in Wheaton Wash have

caused water levels to rise in wells I6N/1UE-3ILI and -31L2, located down-

streajn from the mine; these waters may also be impairing the common ground

water supply downstream from the mine. The total dissolved solids content

of ground water from these two wells increased from about 7OO to 1,700 ppm,

and the chloride ion jumped from less than 100 to over 5OO ppm during the

period 195'+-1960.

The character of ground water varies as shown in Table 31' Sodium

chloride waters are generally encountered in the area around the dry lakes.
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Kelso Valley Ground Water Basin (6-31 )

Kelso Valley Ground Water Basin, shown on Figure 25, is a north-

easterly trending, irregixLarly shaped area of about 371 square miles,

located in the east central portion of San Bernardino County. The basin

is the easternmost valley in the Mojave River Drainage Basin (No. I9).

This basin is bordered on the north by the Marl Mountains and

Teutonia Peak; on the east by the Providence Mo\intains; on the south by

the Granite, Old Dad, and Bristol Mountains; and on the west by the Kelso

Moiintains. The Kelso Mountains rise to elevations in excess of 4,700 feet

on the west; to the east, the Providence Mountains attain a maximum eleva-

tion of about 7,000 feet. The valley floor ranges in elevation from 1,500

feet in the southwest portion, to 4,000 feet at the northern limits.

Geology

The mountains surrounding Kelso Valley are varied in origin and

type. The valley is partially bordered on the north and west by alluvial

highs which probably reflect buried bedrock ridges of pre-Tertiary granitic

and metamorphic rocks; these rocks also occur in the Teutonia Peak; area

and in the Granite Mountains. Similar type rocks and Paleozoic sediments

occur in the Providence Mountains. The Old Dad and Bristol Mountains

consist largely of pre-Tertiary granitic and Tertiary volcanic rocks.

Quaternary alluvium is exposed over much of the basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least 1,970 feet near Kelso. Sand dunes covering an area

of about 10 to 15 square miles occur about five miles southwest of Kelso.
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These dunes, some of ^ich are 500 feet in height, are the largest in the

Lahontan Region. The Cedar Canyon fault, for most of its length, roughly

parallels the northeasterly trend of the axis of Kelso Valley. The fault

is concealed except where it crosses the highlands.

Water Supply

The tasin is recharged by percolation of rainfall and runoff.

Precipitation averages not more than three to four inches annually in

the lower elevations, although on the higher parts of the New York and

Providence Moimtains, the rainfall may be as much as ten inches per year.

Ihe valley has no surface inflow from external sources, and there are no

perennial streams. Kelso Wash, the principal drainage channel, is subject to

flash floods during infrequent thunderstorms.

Ground water in the Recent and underlying older alluvial deposits

moves in a southwesterly direction, parallel to the general route of Kelso

Wash. The depth to water at Sands, which is about l8 miles west of Kelso,

is about 200 feet, and the depth to water at Kelso is about 420 feet.

Pumping wells at Kelso have large drawdowns indicating a poor or

low yielding aquifer. Well 11N/12E-25G1 had a reported drawdown of 170 feet

while pumping at the rate of 375 gpm or a specific capacity of about 2.2 gpm

per foot of drawdown. The water level of this well recovered from a depth

of h'JO feet in I95U to a depth of U20 feet in I961.

Development and Utilization . The development of the valley was

based primarily on railroad activities; mining and livestock raising were

undertaken only in a limited way. Kelso is the main railroad station and

in the past all trains stopped for fuel at this site. Water at Kelso is
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obtained from wells and in addition, in the past, a reserve supply was

piped from Cornfield Spring to a reservoir near Kelso. Water is utilized

by the Union Pacific Railroad and by an estimated resident population of

100 for domestic purposes.

There are now two wells at Kelso, numbered by the railroad as

numbers 8 and 9^ 'but in 19l8> water was obtained from well numbers 1, 2,

and 3, possibly indicating that at least nine wells were drilled to date

at Kelso. There is no record of any other wells in the valley. The esti-

mated ground water extraction for the valley is about 50 acre- feet per year.

Grouhd Water Quality

The ground water obtained at Kelso has a total dissolved solids

content of 570 ppm and is suitable for all beneficial uses, as shown on

Tfeible 32. It is sodium bicarbonate-sulfate in character and has a re-

corded radioactivity level of 3»7 pc/l. There have been no adverse

quality changes and no problems due to waste discharges.
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Broadvell VeLlley Ground Water Basin (6-32)

Broadwell Valley Ground Water Basin, shown on Figure 26, is a

rectangularly shaped, northerly trending area of about 119 square miles.

Located in San Bernardino County, in the southern part of the Lahontan

Region, the basin lies within the Mojave River Drainage Basin (No. 19).

This basin is bordered on the northwest by the Cady Mountains,

on the northeast by the Bristol Mountains, on the southeast by the Bullion

Mountains, and on the southwest by Mt. Pisgah. The surface drainage di-

vide between the Lahontan Region and the Colorado River Region, No. 7 fol-

lows the crest of the Bullion Mountains.

Maximum elevation in the mountains bordering the basin is attain-

ed by the Cady Mountains which rise to ^,62? feet. The valley floor slopes

centripitally from an elevation of about 2,000 feet toward Broadwell Lake

which stands at an elevation of 1,296 feet above sea level. Broadwell Lake

includes an area of 3 '5 square miles.

Geology

The Bristol Mountains on the northeast and east are composed of

pre-Tertiary granitic rocks. Tertiary volcanic rocks and sediments, and

Quaternary volcanic rocks. The Bullion Mountains to the southeast consist

largely of Tertiary volcanic rocks with some Quaternary volcanic rocks.

Mount Pisgah is a volcanic crater which lies north of Lavic Lake. The Cady

Mountains along the western and northwestern border are composed of Tertiary

volcanic rocks and/or sediments and undifferentiated crystalline rocks

.

The valley floor is underlain by Quaternary alluvium except for

the playa deposits at Broadwell Dry Lake; the alluvium comprises the upper

portion of the valley fill which extends to a depth of at least 1,600 feet.
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The general trend of the faults in the bordering highlands is

predominajitly northwesterly, although several small northeasterly trending

faults occur in the Cady Mountains.

Water Supply

The principal source of recharge to the basin is percolation of

precipitation and runoff. The annual rainfall for Broadwell Valley is es-

timated to be three inches. Alluvial fans from the Bullion and Cady Moun-

tains are the main recharge areas for the valley and their capacity is

rated moderate to high.

There have been only a few wells in the valley and the water

level records for these wells are sparse. Ground \ra.ter in the Recent and

older alluvial deposits moves from the outer portions of the basin toward

the dry lake. The alluvial fill in the pass to Soda Lake Valley Ground

Water Basin may be of sufficient depth to permit subsurface outflow

northward

.

A 1,600 foot cased well (7W/8E-8Z1) drilled at Ludlow in March

1883 struck water initially at 785 feet; as drilling continued, water was

again struck at l,08'i feet below the ground surface. If the top water-

bearing zone is continuous, northwards toward Soda Lake Valley, depth to

water under Broadwell Lake would be approximately 3OO feet.

Development and Utilization. In 191? Ludlow had a population of

approximately 200 to 3OO. Early development was due largely to mining

activities in the Cady and Bullion Mountains, and to tourist travel on

U.S. Highway 6G and the Atchison Topeka and Santa Pe Railroad, both of

which pass through the basin area.
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In 1919, almost 170,000 gallons of water was hauled daily by

the railroad from Newberry into Ludlow Springs to provide for the water

requirements. Presently, there are five known wells in the basin, all

of which are dry, except the 1,600 foot deep well at Ludlow. Since even

this well is not in use, there is no ground water extraction from the

basin.

Ground Water Quality . The only chemical analysis of the ground

water was an approximate analysis of the water from the railroad's 1,600

foot well at Ludlow, which was made in March I883. This analysis has

several radicals recorded together so that it is impossible to determine

the general character of the water. Total dissolved solids in the ground

water were reported to be about i»-73 and 55^*^ ppm at the 785 and 1,08'4-

foot depths, respectively.

From the surrounding surface features of the valley, the ground

water beneath Broadwell Lake would probably have a higher mineral content

than the water from the higher alluvial slopes.
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Soda Lake Valley Ground Water Basin (6-33)

Soda Lake Valley Ground Water Basin, shown on Figure 27, is an

irregularly shaped northerly trending area of about 590 square miles

located in the northeastern part of San Bernardino County in the Mojave

River Drainage Basin (No. 19).

The northern boundary of the basin is formed by an alluvial

divide. Ihe eastern boundary of the basin is formed by the Marl and Kelso

Mountains; the Bristol and Cady Mountains form the southern boundary, and

the Soda and Cave Mountains are to the west.

Several hills protrude from the valley floor in the eastern part

of the valley, extending 60O to 2,000 feet above the valley floor, "nie

mountains on the eastern border reach an elevation of ^,93^ feet. The

valley floor slopes centripetally from the outer edges to Soda Lake, and

ranges in elevation from 933 feet at the southern end to 923 fetet in the

north. Soda Lake, a compound type playa, covers an area of kO."] square

miles

.

Geology

The mountains to the northeast and east consist of pre-Tertiary

granitic and metainorphic rocks, and Quaternary volcanic rocks which have

formed numerous cinder cones. Old Dad Mountain and the adjoining peaks

on the southeast consist of Precambrian and Paleozoic sediments and meta-

sediraents and pre-Tertiary granitic rocks. To the south, the Bristol

Mountains are composed of pre-Tertiary granitic and metamorphic rocks and

the Cady Mountains largely of Tertiary and/or Quaternary volcanic rocks

and sediments. Ihese sediments also occur along western and southeastern

margins of the basin.



Quaternary alluvium, exposed over most of the basin floor, is

partially masked "by playa and dune sand deposits. The sand dunes extend

from the Mojave River Sink eastward to the Devil's Playground and then

southeasterly into Kelso Valley. The alluvium comprises the upper portion

of the valley fill which extends to a depth of at least UOO feet.

Water Supply

The principal source of ground water replenishment in Soda Lake

Valley Ground Water Basin is percolation of flow in the Mojave River and

streamflow originating in the -watershed. The annual rainfall on the valley

floor averages three and one-half inches. During infrequent extreme

flood conditions, the Mojave River floods through Afton Canyon into the

Mojave River Sink. This flood runoff may either flow toward East Cronise

Lake, Soda Lake, or to both. In 1938> water overflowed from Soda Lake

into Silver Lake through a wash near Baker. The only other surface flow

into Soda Lake is infrequent runoff from the surrounding mountains.

The basin's major recharge areas consist of the alluvial fans

that fringe the valley and the Mojave River Sink; both are rated at moder-

ate recharge capacity. Usable ground water supplies are derived from the

Recent and underlying older alluvial deposits.

The basin receives the largest quantities of subsurface inflow

from Caves Canyon Valley Ground Water Basin; smaller quantities enter from

the Kelso and Broadwell Valley basins. Ground water movement is generally

toward Soda Lake and then northward into Silver Lake Valley. The hydrau-

lic gradient between well 11N/8E-8n1 at Crucero, to Zzyzx Mineral Springs

(12N/8E-11F1) is about eight to nine feet per mile. This gradient then

flattens out to about three feet per mile from the Zzyzx Mineral Springs
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to a well at Baker. Water levels in wells in the Crucero area have fallen

approximately 10 to 15 feet since 1919, vrtiile water levels in other parts

of the valley have remained constant for this same period.

Development and Utilization . By 191^, homestead entries had

been made on about 10,000 acres in the Crucero eirea and by I919, several

hundred acres had been cleared and about 25 wells had been dug or drilled.

The expected land development did not materialize and in 1922 only two or

three homesteaders had received patents on their land. During this period,

small settlements were established at sidings along the Tonopah and

Tidewater and the Los Angeles and Salt Lake Railroads. The latter of

these railroads is now the Union Pacific line, \rtiich runs east to west

through the southern part of the valley. An old railroad bed is all that

remains of the Tonopah and Tidewater Railroad which ran north to south

through the valley. Some agriculture was attempted, but the soil and

water quality were too poor for good crop production.

Presently, Baker is the only town in the basin; its population

in 1961 was about 3OO. There are several ranches, most of which are aban-

doned, scattered throughout the valley. Most of the wells in the Crucero

area have been destroyed. There are less than 50 wells in the basin, the

majority of which are unused. The wells that are presently in use are

mainly located at Baker.

Ihe ground water in the basin is used mostly for domestic pur-

poses at Baker and at present, there are no irrigated crops in the valley.

It is estimated that the ground water extraction for the entire valley,

excluding the Zzyzx Springs, is less than 90 acre-feet per year.
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Water Quality . The quality of ground water has remained con-

stantly marginal to inferior since 1915 because of the high fluoride

content and the high percentage of sodium ion. Ground water in the vicin-

ity of the dry lake and Crucero area has a sodium chloride or sodium

bicarbonate -sulfate character. The percent sodium ranges from 59 to 96

percent and averages 80 percent for the 3I ground water analyses. The

fluoride ion concentration varies from 0.8 to 12.0 ppm and averages 3'2

ppm; the total dissolved solids content averages 1,510 ppm.

Ground water in the Mojave River Sink area, from Crucero to

Rasor, has a total dissolved solids content of UOO to 9OO ppm, but water

from the north and south sides of the river channel in this area has a

total dissolved solids content which ranges as high as 3,000 ppm. The

well at Sands (IIN/IOE-29BI) produces water having a total dissolved

solids content of about 250 ppm, the lowest concentration found in the

basin. Limited data indicate that ground water east of Soda Lake is in

the 250 to 800 ppm range; water from well 12N/8E-11F1, near the west edge

of the lake, has a total dissolved solids content of about 2,000 ppm.

Wells on the west side of Baker produce water which has a total solids

content of about 3,000 ppm; those on the east side of town produce water

with about 1,000 ppm.

The water from springs in the basin is inferior in quality

and has a character generally similar to that of ground water. The total

dissolved solids content averages 2,590 ppm and the fluoride content

averages 10. 3 ppm for the springs.
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Silver Lake Valley Ground Water Basin (6-3U)

Silver Lake Valley Ground Water Basin, shown on Figure 28, is

a northerly trending irregularly shaped area of about kO square miles,

located in the north central portion of San Bernardino County, in the

Mojave River Drainage Basin (No. 19)-

This basin is bounded on the west by low hills that extend north

from the Soda Mountains, and on the easz by a series of unnamed low hills.

Alluvial highs form the basin boundary on the north and south. The hills

on the east and west rise about 1,500 feet above the valley floor which

stands at an elevation of about 1,200 feet. The valley slopes toward

Silver Lake, which includes an area of 3-2 square miles, and stands at an

elevation of about 9OO feet.

Geology

The hills on the west and east are composed largely of pre-

Tertiary granitic and metamorphic rocks. The northern and southern limits

of the basin consist of Quaternary alluvium which also covers the floor of

the basin. In the northwestern part of the basin the playa deposits mask

the valley fill which extends to a depth of at least I80 feet. Along the

hills west of Silver Lake, there are wave-cut cliffs and terraces that

are evidence of Lake Mojave which existed during the Pleistocene.

Water Supply

The principal source of ground water replenishment in the basin

is percolation of streamflow originating in the watershed. Precipitation

in the valley averages approximately three inches and often appears as

thundershowers. During the rare floods, resulting from heavy flows in the
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Mojave River, the valley has received surface inflow from Soda Lake

through a wash near Baker. The only other surface inflow to the valley

is the occasional runoff from the surrounding hills.

The major recharge areas for the valley are the fans of the

Soda Mountains which are rated as having a moderate to high recharge

capacity. Usable ground water supplies are derived from the Recent and

underlying older alluvial deposits.

Subsurface inflow from the Soda Lake Ground Water Basin moves

in a northerly direction toward the abandoned town of Silver Lake. The

hydraulic gradient between the southern boundary near Baker and well

15N/8E-15Q1 near the northern boundary is approximately five feet per

mile. Since the water table lies 50 to 60 feet below the ground surface

at the north end of Silver Lake and there seems to be a continuous hy-

draulic gradient through the basin, there is probably a subsurface out-

flow from this basin into the adjoining Riggs Valley Groiind Water Basin

to the north.

Development and Utilization . In 19l8^ the Tonopah and Tidewater

Railroad crossed the valley in a northerly direction; today, only the old

railroad bed remains. \i/hen this railroad was active, the town of Silver

Lake had a general store, and there was a population of 25 to 50 residents

in the valley.

In 1950, well 15N/8E-22R1 was drilled for a small milling oper-

ation. The ore for this mill was brought in by truck from a mine in the

Owlshead Mountains, northwest of the valley. This milling operation was

abandoned after a few years, and presently there are fewer than 15 people
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living in the valley. The majority of these people live close by an

electric power substation of the Los Angeles Department of Water and

Power north of Silver Lake.

There have been about eight wells in the basin, but most of

these have been destroyed. Presently, the only known use of the ground

water is for the domestic supply at the power substation. It is esti-

mated that the ground water extraction for the valley is less than five

acre-feet per year.

Ground Water Q^ality . The quality of the valley's ground water

is rated marginal to inferior for both domestic and irrigational uses,

as shown on Table 3^« High concentrations of fluoride and high percent

sodium are the major causes for the inferior rating. Fluoride concen-

trations in the south end of the basin are probably about one ppm as

indicated by wells at Baker, but fluoride concentrations sure greater

(two to four ppm) at the northern end of the valley. The high percent

sodium also follows this pattern, being about 70 percent at Baker and

about 90 percent in the north end of the valley.

The total dissolved solids content of the ground water moving

into the Silver Lake basin from the Soda Lake basin is about 1,000 to

3,000 ppm. It would, therefore, be reasonable to expect ground water in

the Silver Lake basin to have a totaJ. dissolved solids content of about

1,000 ppm, as is the case. The three samples from the basin range from

1,100 to 1,7^0 ppm total, dissolved solids. Ground water in the basin

is sodium chloride or sodium bicarbonate-chloride in character.
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Cronise Valley Ground Water Basin (6-3^)

Cronise Valley Groiand Water Basin, shown on Figure 29, is an

irregularly shaped, northwesterly trending area of about 15^ square miles,

located in the central portion of San Bernardino County, within the

Ifojave River Drainage Basin (No. 19)

•

It is bounded on the north by the Tiefort Mountains, on the

northeast and east by the Soda Mountains. The southern boundary is formed

by alluvial highs lying between Cave Mountain and the eastward extension

of Alvord Mountain.

The Tiefort I-fountains rise to an elevation of 5^090 feet, while

the other ranges are about 3^000 feet in elevation. The valley floor

slopes from the Alvord Mountain extension to the Bitter Spring area and

then southeasterly to West Cronise Lake. This dry lake stands at an

elevation of 1,070 feet and includes an area of about 1.5 square miles.

It lies about one mile northwest of East Cronise Lake, which includes an

area of about two square miles. East Cronise Lake is also a dry lake; it

stands at an elevation of about 1,075 feet.

Geology

The Tiefort Mo\intains on the north are comprised mainly of pre-

Tertiary igneous and metamorphic rocks, and their extension to the east

consists of Tertiary and/or Quaternary sediments. The Soda Moimtains on

the east are composed mainly of pre-Tertiary granitic rocks and Tertiary

volcanic rocks. Alluvial highs or divides make up other portions of the

basin's periphery; the most extensive alluvial separations occur between

Cronise Valley and Red Pass Valley on the north and Langford Valley on
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the west. The basin is bordered, in part, on the south by pre-Tertiary

granitic and metamorphic rocks of Cave Mountain which is associated with

the adjacent Cronise Mountains to the north. The easterly extension of

Alvord Mountains consists of Tertiary and/or Quaternary volcanic rocks

and sediments.

Quaternary alluvium comprises the upper portion of the valley

fill which extends to a depth of at least U30 feet. The two dry lakes

in the valley are separated by alluvial fans which extend southeasterly

from the Soda Mountains. Sand dunes also occur in the area between the

two dry lakes.

Water Supply . The annual rainfall for Cronise Valley is prob-

ably less than four inches. East Cronise Lak^e has been flooded by the

Mojave River at least three times: I916, 1922, and 1938 • Besides these

rare floods, the only surface water that flows into the valley is the

occasional runoff from the surrounding mountains. The alluvial fans of

the Tiefort and Soda Mountains are the principal source of recharge to

the alluvisil materials of the basin, from which most of the wells obtain

their water supply.

Subsurface inflow to the valley probably occurs from Red Pass

Valley Ground Water Basin on the north, but the main source of subsurface

flow into the basin is from the Soda Lake Valley basin via the Mojave

River Sink. Flow in the Mojave River rises to the surface as it moves

into AJTton Canyon, then toward the east end of the canyon, as it approaches

the Mojave River Sinlc, the river sinks beneath the surface. A portion

of this subsurface water moves from the sink area northward throiigh an

alluvial cheinnel into Cronise Valley.
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Water levels near East Cronise Lake have dropped approximately

5 to 10 feet since the period of record began in 1932. The water levels

from well 12N/6e-4g1 in the area of West Cronise Lake have remained con-

stant since records were started in 1953 • The depths to water vary from

12 to h^ feet in all the known wells in the valley.

Development and Utilization . Several attempts were made prior

to 1919 "to grow crops on East Cronise Lake, but were unsuccessful because

of the high salt content in the soil. Between 1919 and 1922 attempts

were made to impound the flood waters of the Mojave River for irrigation

in the southeastern part of the valley. Because the flood flows were

infrequent and deposited silts in the reservoir, the projects were never

completed. In 1953^ 100 acres of cotton were grown, but because only

ten bales of cotton were produced the project was discontinued. The pop-

ulation of the valley has probably never exceeded 100 and it is now esti-

mated to be fewer than ten.

There are approximately 13 wells in the valley; all are south

of East Cronise Lake except for Bitter Spring and well IZN/SE-kGl. The

majority of these wells are unused or dry. Presently, there is an attempt

at developing a 40-acre tract for irrigation on East Cronise Lake. Ap-

proximately five acre-feet per year of ground water are extracted from

the basin.

Vfater Quality . The quality of the groimd water has remained

inferior since the period of record was started in 1953- As shown on

Table 35^ fluoride, boron, and a high percent sodium are the main con-

stituents for the groiind water being classified as inferior. The general
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character of the subsurface inflow from the Mojave River sink determined

from well 12N/7E-30J1 is sodium bicarbonate; ground water in the East

Cronise Lake area has a sodium chloride character. Bitter Spring, in

the central part of the basin, has a sodium sulfate character.

The total dissolved solids content of the ground water ranges

from 510 to 2, 95^ ppn and averages 1, 680 ppm, while the fluoride content

varies from I.7 to 6.65 ppm and averages 3«^ ppm. The average percent

sodium is 91' The boron concentration ranges from O.87 to if.lS ppm and

averages 2.5 ppm. The water from Bitter Spring has the poorest quality

in the basin. The total dissolved solids content of this water is

5,027 ppm, and the sulfate content is 1,899 Ppm. The poor quality of the

ground water has been one of the major obstacles to development in the

Cronise Valley Ground Water Basin.
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Langford Valley Ground Water Basin (6-36)

Langford Valley Ground Water Basin, shown on Figure 30, is an

irregiilarly shaped, northerly trending area of about h8 square miles,

located in the north central portion of San Bernardino County, in the

Mojave River Drainage Basin (No. I9)

•

The basin is bordered on the north and northeast by the Tiefort

Mountains. The eastern and southern bo\mdaries are formed by alluvial

highs extending from the Alvord Mountains which lie at the southeast comer

of the basin. Northwest trending hills form the western boundary of the

basin.

Maximum elevation of the valley is attained in the Tiefort

Moimtains which rise to 5,000 feet. The ranges to the south are at an

elevation of about 3,500 feet. The valley floor slopes toward Langford

Lake located at the southeast corner of the basin; this dry lake, at an

elevation of 2,l6l feet, includes an area of about one square mile.

Geology

The mo\mtains on the north sire composed of Tertiaxy volcanic

rocks and sediments; the Tiefort Mountains to the northeast consist largely

of pre-Tertiary metamorphic rocks. The alluvial highs to the east and south

converge at Alvord Moimtain which consists of Tertiary sediments and volcanic

rocks. The hills on the west which extend to an alluvial high on the north-

west, are composed of pre-Tertiary granitic rocks.

The Quaternary alluvium comprises the upper portion of the valley

fill which extends to a depth of at least 32k feet.
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Water Siipply

The aimaial rainfall for the valley is probably less thein four

inches. Occasional runoff from the surrounding mountains is the only

surface inflow to the valley. The major recharge areas of the valley are

in the alluvial fans directly north of Camp Irwin.

Under normal conditions, ground water in the Recent and under-

lying older alluvium in the northern part of the basin, wo\ild move south-

easterly with a hydraulic gradient of about 10 feet per mile toward Langford

Lake. However, during periods of heavy pumping at Camp Irwin, the hydraulic

gradient is altered locally and ground water moves toward Caaip Irwin. There

is no known subsurface inflow or outflow in the basin. Water levels at

wells in the Camp Irwin area dropped about 11 feet between 19'+1 and 1959

•

Development and Utilization . The Langford Well located on the

western side of Langford Lake, on the road from Daggett to Death Valley, was

one of the important watering places in I90U, but the well is now caved in.

In 19^1 the first well at the Camp Irwin military reservation was drilled;

since then, six additional wells have been drilled at the main post. About

three miles northwest of Camp Irwin a test well was drilled to a depth of

335 feet, but failed to yield water. Another test well (13N/3E-35BI),

located south of Langford LaJse encoxmtered ground water at a depth of

86 feet.

Cajoip Irwin, the only populated area in the valley, is manned by

approximately 1,000 military and civilian personnel. In 19^1^ only 33 acre-

feet of groxind water was used at Camp Irwin, but by 19^^ this quantity had

increased to h80 acre-feet because of the influx of military personnel during

World War II. After World War II, ground water extractions decreased to
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about 55 acre-feet per year, but in 1953^ production once again increased

to 670 acre-feet. It is now estimated that the annual ground water

extraction is about kO to 50 acre-feet.

Ground Water Quality . As shown on Table 36, the quality of the

ground water is rated as inferior because of its high percent sodium, and

high fluoride and iron contents. In 19^3^ the iron content of water from

the six Carap Irwin wells was below the United States Public Health Service

Drinking Water Standards of O.3O ppm; since then, the iron content in two

of the wells has exceeded O.3O ppm. However, this problem was solved by

mixing water from all six wells to obtain an average iron content of O.IT

ppm. The fluoride content of ground water from these six wells has varied

from 5*0 "to 11.0 ppm, the average being about 10.0 ppm.

A defluoridization plant has been installed at Canip Irwin and

according to the manufacturer it has a treatment capacity of 38^000 gallons

per day. The defluoridized water is distributed through a separate system

to the housing area for drinking and cooking purposes.

Ground water in this basin has a total dissolved solids content

ranging from U72 to 63U ppm. The general character of the water in the

Camp Irwin area is sodium sulfate-bicarbonate ; ground water from the well

in the Langford Lake area is sodivun bicarbonate- s\ilfate. Camp Irwin has a

sewage disposal plajit located about one-half mile east of the post; this

plant discharges the effluent into oxidation ponds.
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Coyote LaJce Valley Ground Water Basin (6-37)

Coyote Lake Groiind Water Basin, shown on Figure 31> occupies

an irregularly shaped area of about lU6 square miles in the north central

part of San Bernardino County, within the Mojave River Drainage Area

(No. 19).

The basin is boiinded by the Paradise Mountains on the north,

Alvord Mountain on the east, the Calico Mountains on the south, and by

Lane Mountain on the west. Alluvial highs fomi portions of the basin

boundary on the north, east, and south.

The Calico Mountains attain elevations of approximately 4,000

feet. Alvord Mountain reaches a maximum elevation of about 3^500 feet.

The valley floor slopes from an elevation of 2, 200 feet at its outer

limits to Coyote Lake. This dry lake is at an elevation of 731 feet

and includes an area of about nine square miles.

Geology

The Paradise Mountains on the north are composed of granitic

rocks; Alvord Moxmtain to the east consists of pre-Tertiary granitic

and metajnorphic rocks. The southeastern boundary is an alluvial high

between Alvord Mountain and the Calico Mountains. The Calico Mountains

consist of Tertiary volcanic and undifferentiated older metavolcanic

rocks. Lane Mountain, one of a group of mountains on the western edge

of the basin, consists of undifferentiated igneous rocks.

The Quaternary alluvium is exposed over much of the basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least 58^ feet. Tertiary and/or Quaternary sediments
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crop out in the northeast part of the basin south of the Coyote LaJce

fault. A pressure area exists in the vicinity of Coyote Lake, a dry

type of playa.

Water Supply

The annual rainfall for the valley is probably less than four

inches and the only surface flow is the occasional runoff from surround-

ing mountains. The valley's main recharge areas are the alluvial fans

in the vicinity of Lane Mountain, Paradise Mo\intains, and the Calico

Mountains. The recharge capacity of these fans is rated moderate to

high* Ground water which is stored in the Recent and underlying older

alluvial deposits moves toward Coyote Lake from all directions at a

gradient of U to 9 feet per mile. A confining stratum on the north and

west sides of the lalcebed causes a pressure area which has produced ar-

tesian flows in wells drilled near the lake. Considerably higher water

table elevations in the adjoining Superior Valley and Langford Valley

Ground Water Basins may cause subsurface inflow from these basins to

Coyote Lake VaJ-ley basin. There also appears to be some mixing of ground

water between Coyote Lake Valley basin and Lower Mojave River Valley

basin along their common boundary, due to pumping depressions in this area.

The water table elevations in Coyote Lake Valley basin have remained

fairly constant since 1917«

There are a number of springs in the Paradise Mountains which are

significant because the water from them has a higher temperature than

any other known springs in the Mojave Desert. Water temperatures at
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these springs, known as the Paradise Springs, vary from a raaximiam of

106.5° F. to approximately 82° F. for some of the smaller seeps.

Development and Utilization . The valley has experienced very

little development. Some mining has taken place, and a few homesteaders

have settled in the valley. Paradise Mine, which is southwest of

Paradise Springs (12N/2E-7P1), has been worked some in the past with

water being piped to the mine from the nearby springs. There are pre-

sently about 25 wells scattered throughout the basin, most of which are

abandoned.

The major development, in the valley today is the irrigated al-

falfa on the southeast edge of the basin. Actually, the center of this

irrigated area is in the Lower Mojave River Valley Ground Water Basin

but the area extends into the southeastern edge of Coyote Lake Valley

basin. About 125 acres of alfalfa were noted on the Coyote Lake side in

1961. This amount of alfalfa would require about 8OO acre-feet of water

per annum. However, the major portion of the water used for irrigation

of this alfalfa is derived from the Lower Mojave basin. The extractions

from Coyote Lake basin are less than 800 acre-feet per annum.

Water Quality . Ground water in this valley is mostly of inferior

quality, as shown on Table 37- The principal constituents which cause

this rating of inferior are fluoride and percent sodium. The fluoride

concentration ranges from I.5 to I8.0 ppm, and averages 6.U ppm; the

percent sodiimi varies from 7^ to 99 percent, and averages 90 percent.

The total dissolved solids content of the ground water in the

north and west areas of the basin ranges from 62O to 91^ ppm. Totsil
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dissolved solids content increases tovard the south and east sides of

Coyote Lake, where concentrations are about 2,000 ppm. Ground water

obtained near the Coyote-Lower Mojave basin boundary has a total dis-

solved solids content in the 3OO to 5OO ppm range indicating that this

water probably is coining from the Mojave River area.

Ground water in the basin is predominantly sodixim sulfate in

character but trends more toward a sodium bicarbonate water (which is

the same character as water in the Lower Mojave basin) near the Coyote-

Lower Mojave basin boundary. The sodium ion is the dominant cation in

these waters; sulfate, chloride, and bicarbonate are predominant anions.

The four radioassays made on the ground water of the valley show the

radioactivity of the water ranges from -O.U to I8.O pc/l.
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Caves Canyon Valley Ground Water Basin (6-38)

Caves Canyon Valley Ground Water Basin, sho-^m on Figure 32, is

an irregularly shaped northeasterly trending area of ahout 101 square miles,

located in the central part of San Bernardino County, within the Mojave

River Drainage Basin (No. I9).

The basin is bounded on the north by a group of low hills which

extend in an easterly direction from Alvord Mountain, and on the south by

the Cronise, Cave and Cady Mountains. An alluvial divide between the

Lower Mojave River VeLLley and Caves Canyon VaJLley forms the western boundary.

The elevation of the bordering mountains ranges from 2, 50O to

3,500 feet. The floor of the valley ranges from 2,000 feet at the outer

limits to 1, 400 feet along the Mojave River in Afton Canyon. A small

playa whose surface stands at an elevation of 1,875 feet is located in the

northeastern part of the basin.

Geology

The hills to the north, which extend easterly from Alvord Mountain

to the Cronise and Cave Mountains, are composed of Tertiary volcanic rocks

and sediments, and pre-Tertiary metamorphic and granitic rocks. Similar

type rocks and Triassic metavolcanic rocks occur along the eastern edge

of the basin. The Cady Mountains consist mainly of Tertiary volcanic

rocks and sediments.

Alluvial fans from the surrounding highlands slope toward the

Mojave River. Tertiary and/or Quaternary sediments occur along the flanks

of the Cady Mountains and bordering hills to the north. Pleistocene lalce

deposits, occurring in the northeastern part of the basin, represent
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deposits of the ancient Lake Manix. Quaternary alluvium is exposed over

much of the basin floor. The alluvium comprises the upper portion of

the valley fill which extends to a depth of at least 220 feet.

Vfater Supply

Annual rainfall in the basin is about four inches; surface flow

in the basin is limited to the rare Mojave River floods and to occasional

runoff from the surrounding mountains. AlluviaO. fans from the Alvord,

Cave, and Cady Mountains are the basin's major recharge areas. The capa-

city for these areas has been rated moderate to high.

Ground water in the Recent and underlying older alluvial deposits

is recharged by inflow from the Lower Mojave River basin. The direction

of this inflow generally follows the bed of the Mojave River. Underflow

of the Mojave River Channel rises to the surface before it enters Afton

Canyon; it flows through the canyon on the surface, but sinks underground

again at the east end of the canyon.

Water levels of the wells in the basin have dropped about 15 to

20 feet since the period of record beginning in 1950.

Development and Utilization . Presently, there are about 50

people in the valley most of whom are employed at railroad sidings of the

Southern Pacific Railroad; the remaining few live near Highway 9I-U66

which traverses the basin area.

The five known wells in the valley are located along the rail-

road ajid are used for domestic purposes. The estimated ground water

extraction for the basin is about 10 acre-feet per year.

Water Quality . The water quaJ-ity in the basin has remained

suitable to marginal for domestic purposes, as shown on Table 38 • High
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percent sodium has caused the ground water to remain inferior for irriga-

tion uses. As shown by the table, the general character of the ground

water varies.

The percent sodium averages 93 percent; all the analyses have

been 90 percent or higher. Total dissolved solids content ranges from

622 to 1,272 ppm, and averages 90^ ppm; "the boron content averages 1.6 ppm.

Water from well 11N/5E-11K1 has a sulfate content of 518 ppm, which renders

it inferior for domestic use.

Subsurface flow of the Mojave River rises to the surface in

T10N/R3E (SE 1/^) but returns to underground flow before entering Caves

Canyon basin. This brief exposure to the surface evaporation, combined

with other subsurface effects, causes the percent sodium in the water to

increase, resulting in a change from a suitable to an inferior rating of

the water quality. This change is indicated by analyses of water from

two wells, shown on Figure 32, 10N/3E-23H1 and 10N/it-E-19Kl, and tabulated

on Table 38. This concentration of salts in the ground water from surface

exposure can also be seen when the subsurface flow of the Mojave River

is again forced to the surface just before entering Afton Canyon. At the

point of emergence the total dissolved solids content was SlG ppm; I-I/2

miles downstream it increases to 1, U6I ppm. All the other constituents,

except the nitrates, also increased between these two stations.
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Troy Valley Ground Water Basin (6-39)

Troy Valley Ground Water Basin, shown on Figure 33, is an irreg-

ularly shaped northwesterly trending area of about 133 square miles,

located near the central portion of San Bernardino County, within the

Mojave River Drainage Area (No. I9).

The basin is bounded on the north and northeast by the Cady

Mountains, on the east by the Mount Pisgah lava flow, on the south and

southeast by the Newberry and Rodman Mountains, and on the northwest by an

alluvial high which extends from the Newberry Mountains to the Cady

Mountains

.

Elevation of the valley floor ranges from 3jOOO feet near the

southern limits to 1,77^ feet at Troy Lake, 5-3 sq-uare miles in extent.

Maximum elevations of the surrounding mountains are attained in the Cady

and Rodman Mountains which rise to heights of U,627 feet and 6,010 feet,

respectively.

Geology

The Cady Mountains to the north and northeast are composed of

Tertiary volcanic rocks and sediments. Ihe Mount Pisgah lava flow to the

east is an extensive volcanic feature which also nearly divides the basin

in two. This flow of Recent age is underlain by older alluvial deposits.

The Rodman Mountains on the south are composed predominantly of Tertiary

sediments and pre-Tertiary granitic rocks. The Newberry Mountains to the

southwest consist of Tertiary volcanic rocks and sediments.

The Quaternary alluvium is exposed over much of the basin floor,

comprising the upper portion of the valley fill which extends to a depth
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of at least MdO feet. A pressure area exists in the vicinity of Troy Lake,

a moist, clay encrusted type of playa. The southeasterly extension of the

Calico fault acts as an obstruction to ground water movement.

Water Supply

The principal source of ground water replenishment in the Troy

Valley Ground Water Basin is percolation of streamflow originating in

the Newberry and Rodman Mountains; these mountainous areas receive approxi-

mately eight inches of rainfall annually. The valley floor receives only

about four inches of rainfall annually. Fans emanating from the Rodman,

Newberry, and Cady Mountains are the recharge areas and are rated as moder-

ately to highly permeable. Ground water in the Recent and underlying older

alluvial deposits moves toward Troy Lake at a gradient of about 5 "to 20

feet per mile; there appears to be a subsurface outflow from the northwest

corner of the basin to the adjoining Lower Mojave River Ground Water Basin.

Ihere may also be subsurface inflow to Troy basin from Lavic Valley on the

southeast. The crater table under Lavic Lake is about 80 feet higher than

the water table under Troy Lake.

There is some movement of ground water from Lower Mojave River

Ground Water Basin towards the Troy Valley basin where it apparently inter-

mingles with ground water in this basin. The water table gradient is

quite flat in this area and pumping depressions could easily affect movement.

Depth to ground water at Troy Lake ranges from about 20 feet

below the surface to flovring conditions. Ground water is found at increas-

ingly greater depths south and east' of the dry lake.
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Development and Utilization . Relatively few attempts have been

made to develop Troy basin and less than 50 persons have been known to

settle in the area. Due to the occxirrence of ground water at shallow

depths, the western area of the basin has experienced the most development.

In 1961^ approximately 120 acres of alfalfa were being irrigated

in this western area. More acres have been planted and irrigated in the

past, but many attempts at development of irrigated agriculture in this

area have failed due to poor quality water and alkali soil conditions.

Ground water extractions are estimated to be 8OO acre-feet per year.

Water Quality . Ground water in the basin is generally marginal

or inferior in quality, as shown on Ifeible 39« Some suitable waters are

found at the higher elevations particularly southeast of Troy Lake, but at

the lower elevations near the dry lake only inferior waters are found.

Marginal and inferior waters occur west of Troy Lake near the basin bound-

ary. Ground water in this area is partially affected by underflow from

the Lower Mojave River Basin mingling with Troy Valley basin ground waters.

.Ihe total dissolved solids content of the ground water varies

from 278 to 3,313 ppm. The higher concentrations are found at the lower

elevations near Troy Lake while lower concentrations, generally ranging

between iK)0 and 60O ppm, are found to the west and south of the lake bed.

The character of most well waters in Troy Valley basin is sodium bicar-

bonate; however, calcium, chloride, and sulfate also appear as prominent

ions in several areas

.

It is noteworthy that inferior waters appear in wells that are

less than 100 feet deep. Ihis is especially noticeable in well 9N/3E-26J3

which is approximately 100 feet from well 9K/3E-26j2. Well 9N/3E-26j2 is
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255 feet deep and produces water with 988 ppm total dissolved solids;

well 9N/3E-26J3 is 85 feet deep and produces water with 6,kS2. ppm total

dissolved solids.

The main constituents which ai'fect the quality of water in the

basin are fluoride, boron, and percent sodium. Fluoride concentrations

west of the dry lake are generally in the one to two ppm range while

those east of the lake are in the h to 11 ppm range. Concentrations of

boron range as high as 9-5 PPin (well 8n/3E-2R1) and percent sodium is as

high as 98 (well 9N/'+E-28h1) . The lesser amounts of boron and percent

sodium are generally found west of the lake, however, high concentrations

are also found in this area.
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Lover Mojave River Valley Ground Water Basin (6-Uo)

Lower Mojave River Valley Ground Water Basin, as shown on

Figure 2,k, is an irregularly shaped easterly trending area of about 307

square miles. The basin is located in San Bernardino County, in the

south central portion of the Lahontan Region, within the Mojave River

Drainage Basin (No. I9). The Mojave River, flowing from the west to the

east, divides the basin into two segments.

The basin is bordered on the north by the Calico and Alvord

Mountains, on the east by the Cady Mountains, and on the south by the

Newberry Movmtains. Alluvial divides on the east and west and an alluvial

high on the north also form portions of the basin boundary.

The valley floor ranges in elevation from about 2,100 feet at

Barstow on the west, to 1, 760 feet to the east where the Mojave River

leaves the basin. The surrounding mountains rise to elevations of about

J+,000 feet.

Calico LsLke, which includes an area of about two square miles,

is located just north of the town of Yermo.

Geology

To the north. Tertiary volcanic rocks and sediments occur in

the Calico Mountains, and in Alvord Mountain which also consists of pre-

Tertiary granitic and metamorphic rocks. The Cady Mountains to the east

consist of Tertiary-(5uatemary volcanic and pre-Tertiary metamorphic rocks.

The Newberry Mountains to the south consist of Tertiary volcanic rocks

and sediments, and pre-Tertiary granitic and metamorphic rocks. Northwest

of Barstow, the hills consist of Tertiary volcanic rocks, pre-Tertiary meta-

morphic rocks, and Precambrian and Paleozoic sediments and metasediments.

-285-



The alluvial fill extends to a depth of at least 600 feet. The

Quaternary alluvium, which fills the channel of the Mojave River, is the

major water-bearing material in the basin. In the vicinity of Barstow,

the Recent alluvium extends to a depth of about 200 feet. Calico Lake,

a dry type of playa, occurs south of the southeasterly trending Calico

fault. This fault acts as a barrier to the movement of ground water.

Water Supply

Direct precipitation recorded at Barstow has averaged k.'S inches

annually for 50 years but the amount decreases to approximately 3 inches

annually on the valley floor at the east end of the basin. More than 75

percent of the rainfall occurs during the months of November through April,

but there are wide variations of intensity. Practically no runoff occurs

on the vEuLley floor due to the dry, flat conditions. In contrast, runoff

from the Newberry and Ord Mountains is generally derived from flash floods.

Precipitation on the San Bernardino and San Gabriel Mountains

provides underground and surface water flows through the Upper and Middle

Mojave River Valley basin. The quantity of water moving into the basin

as surface flow through the narrows at Barstow averaged about 20, 000 acre-

feet annually for the period 1935 to 19 j1. Great contrasts in surface

flow characteristics are evident here. During a flood in March 1938^ sur-

face flow reached and partially filled Silver Lake, nearly 50 miles down-

stream from the Lower Mojave River Valley Ground Water Basin. On the other

hand, about half of the 25-year period of record for this basin indicates

an absence of surface flow in the Mojave River.

Springs supply a limited quantity of ground water in the basin,

but most of the groiind water is derived from the Recent and underlying
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older alluvial deposits. The most prominent springs are the Newberry

Springs (9N/3E-32X), Cady Springs (9N/2E-3X), and Old Camp Cady Springs

(ionAe-30x).

Recharge of ground water in the hasin is primarily from the

Mojave River at Barstow where the average underflow is estimated to "be

8,000 to 10,000 acre-feet per year. Movement of ground water in the

Mojave River between Barstow and Daggett, a distance of about 10 miles,

is initially confined to the narrows, where an underflow at a uniform

gradient of 20 and 21 feet per mile existed in 1930 and I960, as shown

on Diagram 6. In the area from Daggett to the Forks-of-the-Road fault,

the hydraulic gradient gradually flattens out and ground water spreads

laterally; the water table in this area gradually approaches ground sur-

face as it moves downstream toward the Forks -of-the-Road fault. Down-

stream of this fault, water levels usually fall about kO feet. From here

to the Cady Mountains, water levels fall an average of 21 feet per mile,

but at the lower end of the basin the water table again approaches the

surface

.

South of the Mojave River, on the alluvial fan between Daggett

and Troy Lake, the ground vra.ter gradient is one of the flattest found in

the basin, averaging about eight feet per mile. North of the river on

the alluvial fan, from the Yermo area to the Porks -in-the-Road fault, a

ground water gradient similar to that in the Daggett-Troy Lake area is

also found. East of the fault, the water table decreases an average of

Ik feet per mile to Harvard and then levels off toward Manix. The ground

water movement continues to the east and there is underflow to Caves

Canyon basin.
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The ground water table in the vicinity of Barstow has remained

quite constant; however, levels are lowered in dry periods and are raised

during wet periods. Water levels have decreased as much as 20 feet in the

Daggett area; between 1920 and 19uO levels decreased about 30 feet in the

vicinity of Yermo. In the area from Daggett to the Forks-of-the-Road

fault the heavy extractions have caused water levels to decline 10 to 25

feet between 1930 and I9S0. Downstream from the fault, the depth to water

has increased from a few feet to as much as 30 feet for the same period.

Development and Utilization . The area of the Lower Mojave River

Valley Ground V7ater Basin has been the hub of economic activity in the

Mojave River area with relatively shallow wells supplying the needed water.

The population growth pattern has fluctuated from at least 5,000 in the

1880 's to 2,000 in the early 1900's and eventually to over 30,000 by I96O.

Barstow has evolved as the center of commerce primarily as a result of

operation and maintenance facilities established by the Union Pacific and

the Atchison, Topeka and Santa Fe Railroads. Barstow, Yermo, and Daggett

have populations of 12,000, 7OO and 500, respectively. The remaining

17,000 inhabit the farm lands dotting the alluvial plain.

The greatest number of wells are found in the Mojave River

bottomlands from Barstow to the Cady Mountains and on the triangular

plain south of the river.

In the first days of irrigated agricultural developments, am-

bitious projects, such as the "Daggett Ditch" and the Yenno Mutual V/ater

Company Diversion were conceived. The "Daggett Ditch" was intended to

utilize impounded Mojave River waters to generate electrical power for

mining at Calico and provide irrigation waters for lands near Minneola.
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The Yermo Mutual V7ater Cor.ipany Diversion intended to provide waters for

irrigated agriculture.

Irrigated agricultural acreage has increased from 750 acres

to about 10,000 acres between I919 and 195^- The most important crop is

alfalfa even though yields have averaged somewhat lower than in Antelope

Valley.

Military installations provide the largest single source of

employment. The Marine Corps Supply Center at Nebo, Yeimo, sind Daggett

is the headquarters for supply of materials to all Marine Corps units

west of the Mississippi River. It employs 2,300 civilians and between

1,500 and 1,700 military personnel. Water is furnished by wells at each

of the three locations. Camp Irwin, located 35 miles north of Barstow

(outside of the basin) employs 3^^0 civilians from the Barstow area and

about .00 military personnel. Industrial activity, except for 1,300

employees at the Santa Fe Railroad Diesel Repair Shops, does not appre-

ciably affect utilization of ground water.

It is estimated that ground water extractions have ranged be-

tween .10,000 and 75,000 acre-feet a year, between 195^ and I90O. Over-

draft does not appear to exist at present.

Water Quality . Ground water in the Lower Mojavc River Valley

Ground Water Basin has been of variable quality during the past ^i-O years.

The total dissolved solids content of the ground water in the basin is

generally between 25O and '00 ppm but there arc areas where concentrations

of more than 1,000 ppm are found. As shown on Table HO, ground water is

generally of suitable quality on the valley floor adjacent to the Mojave
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River, but areas containing ground water of marginal or inferior quality-

are found close to the basin boundary.

Data indicate that six areas contain ground water of marginal

and inferior quality, due to excessive boron and fluoride content as

well as percent sodium, sulfate, and total dissolved solids. Tlaese poor

quality waters may act to degrade nearby suitable waters; for that reason

they \T±11 be discussed by areas starting at the upstream basin boiindary

at Barstow, and proceeding doimstream through the basin.

Along the Mojave River, at the western boundary of the basin

near Barstow, the first area of poor quality waters occurs near the indus-

trial A7aste and sewage discharge plants and extends do-^mstream for three

miles toward Nebo. In this area, water from wells near Barstow on the

south side of the river are rated as inferior for domestic use and mar-

ginal for irrigation use. Constituents such as fluoride and boron are

the cause for the inferior rating, and waters are rated as marginal be-

cause of conductivity, s\ilfate, total dissolved solids, and percent

sodium. Within this reach of the river total radioactivity varies from

0.5 to 39 pc/1.

The second area of ground water of marginal and inferior quality

occurs between a point just south of Daggett and Gale. The area is

limited to two miles in length, and apparently, the volume of degradants

is so slight that within half a mile the waters become suitable again.

East of Minneola and north of Highway 66, the third group of

wells with water of marginal and inferior quality is noted. High sulfates,

boron, and high total dissolved solids are the basis for rating the

quality as inferior; marginal waters have, in addition to the foregoing,

excessive conductivity and chloride and fluoride concentrations.
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The fourth, and largest area of degradation occurs around the

southeast basin boundary and a line connecting the Forks-of -the-Road fault

and the Cady Mountains (about 1-1/2 miles southeast, and parallel to the

Mojave River). The quality of the water in this area is marginal because

of high percent sodium, fluoride, boron, conductivity, and total dissolved

solids. Ground water character is sodium bicarbonate in both the Troy

Lake area and in the flat land area east of the Forks -of -the -Road fault

except in the area indicated above^ where calcium, sodium chloride, bicar-

bonate combinations are found.

North of the Mojave River and west of Yermo, the fifth area has

sodium sulfate waters which exhibit high boron (up to 6.6 ppm), fluoride

(up to 3-5 ppm), and percent sodium content, as well as levels of conduct-

ivity, total dissolved solids, and sulfates which warrant marginal ratings.

Within a radius of two miles, however, the character of water changes to

the more common sodium bicarbonate type, and only percent sodium indicates

degradation

.

The sixth area of impaired waters is near the Lower Mojave River

Valley-Coyote Valley Ground Water Basins boundary, where limited ground

water data indicate the existence of a small area of marginal and inferior

water. The character varies, with combinations of sodium bicarbonate or

sodium chloride predominating. Constituents causing an inferior rating

to be assigned include fluoride, as high as 20.75 Ppnij boron, and percent

sodiumj waters rated as marginal contain quantities of the above as well

as sulfate, chloride, and total dissolved solids.

Sewage effluent from Barstow either is discharged directly to

the bed of the Mojave River or is used for irrigation of crops for animal

feed. This effluent has a total dissolved solids content of about 800 ppm.
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A pollution problem exists do-vmstreara from Barstow owing to

the waste discharges of the City of Barstow and the Atchison, Topeka and

Santa Fe Railway Company. The quality of ground water has been degraded

to depths of 100 feet in the allu'/ium underlying the Mojave River about

two miles downstream from Barstow. Degradation is evidenced by tastes

and odors, as well as by objectionable concentrations of synthetic de-

tergents. At least two wells have been abandoned because of these tastes

and odors.
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Middle Mojave River Valley Ground Water Basin (6-Ul)

Middle Mojave River Valley Ground Water Basin, shown on Figure

35^ is an area of about U27 square miles, located in San Bernardino

County, in the southwesterly portion of the Lahontan Region, within the

Mojave River Drainage Basin (No. 19)* The Mojave River, flowing from

the south to the north roughly bisects the hasin.

The basin is bounded on the north by alluvial divides which

extend between the Kramer Hills and Iron Mountain. The Newberry and Ord

Mountains border the basin on the east and southeast. To the southwest.

Silver Mountain, an alluvial divide, and Shadow Mountains form the basin

boundary.

The valley floor slopes gently to the east, decreasing in eleva-

tion from about 3^000 feet on the west to 2,300 feet at its eastern limit.

The highest point in the mountains bordering the basin is Ord Mountain,

which rises to an elevation of 6,300 feet.

Geology

The extensive alluvial divide, which forms the northern basin

boundary, is interrupted by several highland areas. Included in these

areas are the Krajner Hills, which consist of Tertiary volcanic rocks and

sediments and pre-Tertiary granitic rocks; Iron Mountain, which consists

of pre-Tertiary greuiitic rocks and Paleozoic metavolcanic rocks; and

the hills north of Barstow, which consist of Paleozoic sediments, pre-

Tertiary granitic and metamorphic rocks, and Tertieury volcanic rocks and

sediments. To the east are highlands composed of pre-Tertiary granitic

and metamorphic rocks, and Tertiary-Quaternary volcanic rocks sjid sediments.
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The Ord, Stoddard, Silver, and Shadow Mountains, which consist of Paleo-

zoic sediments, Triassic metasediments and metavolcanic rocks and pre-

Tertiary granitic rocks, and an alluvial divide occur along the southern

limits of the basin. Granitic hills form the western boundary of the basin.

The Quaternary alluvium is exposed over much of the basin floor,

comprising the upper portion of the valley fill which extends to a depth

of at least 1,000 feet. Extensive deposits of Tertiary and/or Quaternary

sediments occur along the course of the Mojave River west and north of

Helendale, and in the area southwest of Barstow.

The northwest trending Helendale fault probably acts as a

barrier to ground water movement in the older alluvial sediments.

Water Supply

Rainfall occurs on the Middle Mojave Valley floor at a mean

annual rate of four inches. At Helendale, surface inflow of the Mojave

River is estimated to be about 5^jOOO acre-feet per year; this inflow

from the Mojave River accounts for most of the recharge to the basin.

Ground water moves in the unconsolidated Recent and underlying older

alluvial deposits. Between Helendsile and Hodge, the ground water move-

ment follows the Mojave River, but north of Hodge it spreads out between

Hinkley and Barstow, as indicated on Diagram 7» There are indications

that the Harper Valley Ground Water Basin receives its greatest subsurface

inflow from the Middle Mojave River basin. The remaining underflow of the

Mojave River, considered to be about 30,000 acre-feet annually passes into

the Lower Mojave River Valley Ground Water Basin at Barstow.

The general decline of water levels between the 1920 's and 1960's

is evident in this basin. In the Mojave River flood channel between
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Helendale and Barstow the decline in vraiter levels is from 10 to 20 feet.

Wells in the Hinkley Valley show decreases of 20 to 30 feet. However,

the depth to water is still generally less than 100 feet in the above

areas, whereas in the undeveloped Stoddard Valley and V/est Mesa, recent

readings indicate depths of over 100 feet.

Development and Utilization . The Middle Mojave River Valley

Ground Water Basin shows scant development and utilization except along

the Mojave River and in Hinkley Valley. Population has increased slightly

in those areas where agricultural production predominates. The number of

wells required for beneficial uses has increased to more than ^QO by I960.

A long stem-like developed area extends from Helendale to Hodge, a distance

of 12 miles, fanning out toward Hinkley Valley to the northwest and toward

Barstow. Within this area, an average of 3^000 to i|,000 acres are irri-

gated annually. Because development is limited, ground water extractions

are estimated to be about 10,000 to 15^000 acre-feet per year. Overdraft

does not appear to exist at present.

Water Quality . V/ater quality in the basin has rem.ained quite

constant during the past forty years. The total dissolved solids content

of the ground water in the valley, except for the West Mesa area, ranges

from 185 to 500 ppm; the better waters are found near the river. Ground

water produced from the West Mesa ranges from TOO to 1,300 ppm in total

dissolved solids content. Several wells in Hinkley Vsilley and a few wells

south of Hodge produce water in the 1,000 to 3,000 ppm range. As shown on

Figure 35 and Table 4l, the quality of the ground water near Helendale is

generally marginal to inferior, but along the Mojave River toward Barstow,
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Helendale and Barstow the decline in water levels is from 10 to 20 feet.

Wells in the Hinkley Valley show decreases of 20 to 30 feet. However,

the depth to water is still generally less than 100 feet in the above

areas, whereas in the undeveloped Stoddard Valley and Vfest Mesa, recent

readings indicate depths of over 100 feet.

Development and Utilization . The Middle Mojave River Valley

Ground Water Basin shows scant development and utilization except along

the Mojave River and in Hinkley Valley. Population has increased slightly

in those areas where agricultural production predominates. The number of

wells required for beneficial uses has increased to more than 7OO by 1960.

A long stem-like developed area extends from Helendale to Hodge, a distance

of 12 miles, fanning out toward Hinkley Valley to the northwest and toward

Barstow. Within this area, an average of 3^000 to i|, 000 acres are irri-

gated annually. Because development is limited, ground water extractions

are estimated to be about 10,000 to 15^000 acre-feet per year. Overdraft

does not appear to exist at present.

V^ater Quality . V/ater quality in the basin has rem.ained quite

constant during the past forty years. The total dissolved solids content

of the ground water in the valley, except for the West Mesa area, ranges

from 185 to 500 ppm; the better waters are found near the river. Ground

water produced from the West Mesa ranges from TOO to 1,300 ppm in total

dissolved solids content. Several wells in Hinkley Valley and a few wells

south of Hodge produce water in the 1,000 to 3,000 ppm range. As shown on

Figure 35 and Table i;l, the quality of the ground water near Helendale is

generally marginal to inferior, but along the Mojave River toward Barstow,

-303-



the ground water becomes suitable in quality. In Hinkley Valley the

water quality is suitable along the northern border but in the central

portion of the valley, it varies from suitable to inferior. On the Vest

Mesa waters rated as inferior in quality are usual; in Stoddard Valley, a

sample was rated as inferior for domestic use but suitable for irrigation

uses.
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Upper Mojave River Valley Ground Water Basin (6-^2)

Upper Mojave River Valley Ground Water Basin, shown on Figure 36,

is an irregularly shaped area of about 600 square miles, located in San

Bernardino County, within the Mojave River Drainage Basin (No. 19)

•

The basin is bordered on the south by the San Gabriel and San

Bernardino Mountains, on the east and northeast by Silver, Stoddard, Side-

winder, and Granite Mountains, and on the northwest by the Shadow Mountains.

On the west an alluvial high extends from the Shadow Mountains to the San

Gabriel Mountains.

Maximum elevations are attained in the rugged San Gabriel and

San Bernardino Mountains. The valley floor ranges in elevation from

2,450 feet at the northern limit to about i4-,000 feet at the southern

boundary.

Geology

To the north, an alluvial divide extends between the Shadow

Mountains and Silver Mountain. The Silver, Stoddard, and Sidewinder

Mountains are composed largely of Triassic metasediments and metavolcanic

rocks. The Granite Mountains on the east are composed of pre -Tertiary

granitic rocks. The San Bernardino Mountains to the south and southeast

consist largely of pre-Tertiary granitic and metamorphic rocks; the San

Gabriel Mountains to the south and southwest consist of similar type rocks

with some Tertiary volcanic rocks and sediments. The alluvial high on the

west extends from the San Gabriel Mountains to the Shadow Mountains along

the northwest corner of the basin. The Shadow Mountains consist of pre-

Tertiary granitic rocks and Paleozoic sediments and metasediments.
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Quaternary alluvium comprises the upper portion of the valley-

fill which extends to a depth of at least 1,000 feet. Extensive Tertiary

and/or Quaternary sediments occur along the southern limits of the basin

and along the channel of the Mojave River. Bedrock barriers at the

Upper Narrows and Lower Narrows at Victorville act as an obstruction to

the northwest movement of groundwater.

The Helendale fault parallels the northern edge of the basin

and the San .'^dreas fault zone occurs in the mountains near the southern

limits of the basin.

Water Supply

The principal source of replenishment to the basin is percola-

tion of streamflow originating in the watershed. The annual precipita-

tion varies from 5 to 8 inches on the valley floor and from 22 to 58

inches in the San Bernardino and San Gabriel Mountains. Although the

area tributary to the Mojave River is only 30 miles long and 10 miles

wide, an estimated annual runoff of 97jOOO acre -feet occurs.

Recharge of the ground water basin begins in the upper reaches

of the alluvial fans where the Mojave River emerges from the mountains;

surface water is quickly absorbed in this porous material. At the south

edge of Victoinrille the river passes through the Upper Narrows. Ground

water is impeded in this area and, consequently, it rises to the surface

appearing as surface flow in a perennial stream for a distance of about

three miles to the Lower Narrows. After passing through the Lower Narrows,

where conditions are similar to those at the Upper Narrows, the Mojave

River flows across an alluvial plain, which rapidly absorbs much of the
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water; except in time of flood, the stream gradually dwindles in size.

It usually disappears below the surface at a point several miles below

Oro Grande, but owing to a subsurface constriction, rises once again and

passes Helendale as surface flow. At Helendale this surface outflow is

estimated to be 5^^000 acre-feet per year.

Increasing ground water extractions in the Upper Mojave River

Valley basin have resulted in a minor decline of water levels during the

1917-1900 period. Along the Mojave River, midway between The Forks and

the Upper Narrows, water levels ranged from the surface to a depth of 55

feet in I9I7. Between 1957-1950 these levels varied from 20 to 85 feet.

Surface flow and ponding occurs between the Upper and Lower Narrows, but

immediately below the Lower Narrows, where ground waters were found his-

torically at depths of three to nine feet, reductions to between 20 to 60

feet are now evident. Eight miles north of Oro Grande near Bryman, water

levels remained constant between 1932 and 1958? hut three miles downstream

it dips again from 27 to IO5 feet. Finally, at the northern basin boun-

dary, near Helendale, levels were found at 20 to ^5 feet in 1930 but are

now reported to be 30 to 60 feet.

Development and Utilization . Because this basin is the first

in a series of basins to receive surface flow for recharge of ground water,

shallow pumping has generally met the needs of the area.

The population has varied from less than a thousand in 19OO to

about 16,000 in 1958. Victorville is the hub of growth wherein about half

the population is centered. Apple Valley and Hesperia are experiencing in-

creased growth due to part time farming and development of desert homesites.
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The number of wells required for beneficial uses had increased

from around 3OO in 1917 to over a thousand in 19^0 . Wells are found prin-

cipally along the Mojave River and in Apple Valley. On the West Mesa few

wells have been drilled except near Hesperia and Adelanto. Irrigated

acreage remained fairly constant at 6,000 to 7^000 acres between I918 and

1958. The most productive lands are in the Mojave River flood plain where

the irrigated alfalfa and pasture make up 80 percent of the crop income.

Industrial activity has gradually increased in the extraction of

materials such as cement, talc, kaolin, and granite. Cement is processed

at Victorville and Oro Grande, talc and kaolin are mined in the hills east

of Bryman, and granite is quarried in the vicinity of Victorville. George

Air Force Base is the only military installation in this basin but is con-

sidered to be a support rather than a primary base. As a result of these

developments it is estimated that ground water extractions are in the

neighborhood of 20,000 to 25^000 acre-feet per year. Overdraft does not

appear to exist at present.

Vfater Quality . Ground water in the Upper Mojave River basin has

shown signs of generally variable quality throughout the last i+O years.

Although the quality of surface water from the Mojave River at The Forks

has generally been suitable, when the river flow was low, the fluoride con-

tent has increased and the quality rating lowered to the marginal or infer-

ior range. The total dissolved solids content of the ground water ranges

from 85 to UOO ppm in the West Mesa area and from ^4-00 to 1,000 ppm to the

east of the Mojave River. Tabulation of water quality and use ratings at

selected wells is divided into three segments on Table k2: ^fojave River

from The Forks to Helendale, the V/est Mesa, and Sidewinder Valley.
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In the Mojave River 'bottomlands, from The Porks downstream for

about eight miles, suitable waters have been found, but north of the Upper

Narrows and east and northeast to Apple Valley, increases in fluoride and

percent sodium generally are the basis for quality ratings of marginal for

domestic uses and inferior for irrigation uses. Improvement historically

occurs past the Lower Narrows from La Delta almost to Helendale, at which

point greater quantities of sulfates, total dissolved solids, conductivity,

and chlorides result in the water being classified as marginal for both

domestic and irrigation uses. On the West Mesa generally suitable waters

are found except near the northern basin boundary. On this fan a radio-

activity analysis of well Un/4W-29F1 (Hesperia Water Company) showed

16.6 pc/l in i960, the basin's highest value to date. Sidewinder Well

(6N/3W-9E1<^) in Sidewinder Valley, located northeast of Victorville, has

a record of inferior quality water that dates back to 1917-

Victorville discharges over 7OO acre-feet of sewage annually

into oxidation lagoons adjacent to the Mojave River. The effluent has

a high fluoride content, but is suitable for irrigation use. The total

radioactivity was reported to be 9-3 pc/l at this location in 1958'
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El Mii^e Valley Ground Water Basin (6-43)

El Mirage Valley Ground Water Basin, shown on Figure 37, is a

northerly trending fan- shaped area of about 120 square miles, located

along the west central border of San Bernardino County, within the Antelope

Drainage Basin (No. 20).

The basin is bounded by an alluvial high and the Shadow Mountains

on the northeast; on the east, an alluvial divide extends from these moun-

tains to the San Gabriel Mountains on the south. An allu\d.al divide extend-

ing north from the San Gabriel Mountains to Nash Hill forms the western

boundary.' Nash Hill and Adobe Moxintain are on the northwest border of the

basin.

The San Gabriel Mountains rise to a maximum elevation of 8, 505

feet in this eo-ea and Silver Peak in the Shadow Mountains attains a maxi-

mum elevation of 4, II8 feet. Elevation of the alluvial-filled area varies

from about 6,000 feet near the town of Wrightwood to 2,833 feet at El Mirage

Lake, which covers an area of about five square miles at the north central

end of the basin.

Geology

An alluvial divide, and the Shadow Mountains which consist of

Paleozoic sediments and pre-Tertiary granitic rocks, occur along the north

and northeastern limits of the basin. Extensive alluvial divides along

the southeastern and southwestern limits of the basin converge toward the

south, terminating in the pre-Tertiary granitic rocks of the San Gabriel

Mountains. On the west Nash Hill and Adobe Mountain are prominent high-

land features of the pre-Tertiary granitic rocks.
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Quaternary alluvium comprises the upper portion of the valley-

fill which extends to a depth of at least 392 feet. El Mirage Lake is

a dry type of playa which has a hard clayey surface. Swarthout Valley,

a very narrow alluvium-filled valley in the San Gabriel Mountains is the

southernmost feature of the El Mirage basin.

Water Supply

The principal source of ground water replenishment in the

El Mirage Valley Ground Water Basin is percolation of streamflow origi-

nating in the watershed. Precipitation ranges from about 25 inches at

Wrightwood to five inches on the desert floor. Runoff from rain and

melting snowpack on the San Gabriel Mountains converges in Sheep Creek

and flows northward. Owing to the high permeability of the alluvial

material at the mouth of Sheep Creek, surface waters quickly percolate

to recharge the alluvium from which most of the ground water is obtained.

The water table gradient slopes about ten feet per mile toward El Mirage

Lake. The water table gradient flattens out under the lakebed which is

believed to be the low point of the basin, as ground water from the

northern part of the basin also appears to flow toward the dry lake.

Ground water at El Mirage Lake is found about 15 feet below

the surface, but the distance to water increases progressively toward

the San Gabriel Mountains where depths in excess of 500 feet are commonly

found

.

In the vicinity of El Mirage Lake, a slight pressure area exists.

A well drilled on the south side of El Mirage Lake in 1912 produced an

artesian flow when drilled to a depth of l65 feet but lost the flow when

-318-



drilled deeper. Groimd water in Swarthout Valley is generally found at

depths of 50 to 100 feet. Water levels in the basin have not signifi-

cantly changed since the early 1900's; however, levels may be seasonally

lowered or movement of groxind water may be altered in the area south of

the dry lake during periods of heavy pumping for irrigation.

Development and Utilization . Development in the valley was

originally centered around ranching and stock raising. Most of the early

wells were drilled near El Mirage Lake as are many present wells due to

shallower depths to ground water in that area. In 1918 approximately 60

wells existed in the valley; today an estimated 75 to 100 wells are present.

About 500 acres of alfalfa are being irrigated in an area just

south of the dry lake. This is the only irrigated acreage in the basin

area other than 75 acres of apple orchards near Wrightwood, which are

occasionally irrigated. The remainder of the valley either is idle or is

occupied by small desert homes. Many of these desert homes are not ser-

viced by municipal water systems; owners must have water hauled by tank

to their properties. At present about 7OO people have permanent residence

in the valley (not including weekend occupancies); about 60O of these

live at Wrightwood.

About 3^000 acre-feet of water are extracted annually from the

basin of which approximately 100 acre-feet are used for municipal purposes

at Wrightwood. The greatest amount of water is utilized for irrigation

near El Mirage Lake.

Water Quality . Ground water of suitable quality is found in

the southern half of the basin but water of marginal to inferior quality
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is generally found in the area around the dry lake. As shown on Table k3,

the main constituents causing poor quality waters are fluoride, sulfate,

and percentage of sodium. Wells producing ground water rated as inferior

for most uses usually have sulfate concentrations of 500 to 600 ppm, or

a sodium percentage in the 90's. The total dissolved solids content of

the ground water in most of the basin is around 350 ppm but increases to

as much as 2, 600 ppm in wells near the lakebed.

The ground water in the southern tip of the basin has a calcium

bicarbonate character; gro\ind water in the eirea just south of El Mirage

Lake has a sodium sulfate character. Ground water on the north side of

the lakebed differs from that on the south side in that chloride and

svilfate become predominant anions.
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Antelope Valley Ground Water Basin (6-hk )

Antelope Valley Ground Water Basin, as shown on Figure 38, is a

triangularly shaped area of about 1, S15 square miles located in the south-

westerly portion of the Lahontan Region, in the Antelope Drainage Basin

(No. 20). The basin encompasses portions of I/ds Angeles, Kern and San

Bernardino Counties.

This basin is bounded on the northwest by the Tehachapi Mountains,

on the south by the San Gabriel Mountains, and their westerly extension,

the Sierra Pelona Range. Alluvial divides form portions of the north-

eastern and northwestern boundaries.

Antelope Valley has been divided into eight subbasins, the boun-

daries of which are delimited on Figure 38. These include the Rock Creek,

Buttes, Chaffee, Gloster, North Muroc, Willow Springs, Neenach, and

Lancaster Subbasins. The subbasins are separated by discontinuous ridges

of basement rock either exposed at the surface or underlying several feet

of residual cover. The boimdaries of these subbasins have been delineated

on the basis of marked changes in ground water elevations. \-/here some

doubt was present as to the location of the basin's limits, natural drain-

age divides were used as the boundary.

Three dry lakes, Rosamond Dry Lake, Rogers (Muroc) Lake, and

Buckhom Lake, are located in the central part of the basin. The lowest

elevation in the basin, 2,270 feet, occurs in Rogers Lake.

Geology

Antelope Valley is a graben or downthrown block bounded on the

northwest by the Garlock fault, along which the Tehachapi Mountains have
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been uplifted, and on the southwest by the San Andreas fault zone, along

which the San Gabriel Mountains and their westerly extension, the Sierra

Pelona Range, have been uplifted. Granitic highlands occur on the north

and east. The valley is divided into eight areas by alluvial highs and/or

by discontinuous ridges of exposed or buried bedrock. Rocks of all types

from Precambrian to Recent surround or crop out within the valley.

The (Quaternary alluvium is exposed over most of the basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least 1,300 feet. Tertiary and/or Quaternary sediments

are prominent along the foothills of the Tehachapi Mountains and the Sierra

Pelona Range. A pressure area exists in the vicinity of Rosamond Dry Lalce

and Buclchom Lake which are compound types of playas and Rogers (Muroc)

Lake, a dry type of playa. Sand dunes occur in the vicinity of the dry

lakes, especisLlly around Buckhom Lake.

Water Supply

Precipitation occurs primarily on the San Gabriel Mountains

where as much as h^ inches annually has been recorded, but on the valley

floor it ranges between four and eight inches. Nearly one-half of the

tributary mountain runoff is due to the flows of Big Rock and Little Rock

Creeks at the southeast comer of the basin. Other perennial streams

are Oak and Cottonwood Creeks, which originate in the mountains to the

west. The remainder of runoff to the valley is supplied by intermittent

and ephemeral streams. The estimated mean seasonal runoff amounts to

66,000 acre-feet. Most of the precipitation on the mesa and valley floor,

estimated to be 679,000 acre-feet per year, either evaporates or is

-324-



consumed by crops and natural vegetation. Consequently, this contribu-

tion of precipitation to the underground supply is not significant.

Recharge of ground water begins in the upper elevations of the

alluvial fans, principally in Rock Creek and Buttes Subbasins and flows

into the southeast comer of Lancaster Subbasin. The westerly portion

of Lancaster Subbasin is fed by underflow through alluvixmi in Neenach

Subbasin. Subsequently, underflow from Lancaster Subbasin probably moves

northward toward Fremont Valley. Because present pumping depresses ground

water levels, linderflow from the Lancaster Subbasin is slight. Within

this subbasin the principal water-bearing zone extends to depths of oOO

feet and is separated from the deeper zones by a south dipping clay bed.

The deeper zones are apparently recharged directly from the west by per-

colation of runoff from the Tehachapi and San Gabriel Mountains. There

is little evidence of the clay member in the southern and western portions

of the valley. Apparently, the principal and deep water-bearing zones

merge in these areas, resulting In a single aquifer.

Development and Utilization . Because Antelope Valley is a

closed basin, virtually all surface flows, except for infrequent flood

flows, are diverted or used for replenishment of ground water. Small

surface diversions are made in the Rock Creek and Buttes Subbasins, but

the remainder of the subbasin demand is supplied by piimping from the

ground water reservoir.

Population growth fluctuated until 19^0, after which a shaip

increase to the present yOjOOO took place, as shown on Diagram 8. The

towns of Lancaster and Palmdale have grown since 19^0 and now make up one-

half, and one- quarter of the valley population, respectively.
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The number of wells required over the years has increased from

a few low producing domestic wells to 1, ifOO generally high producing,

municipal and irrigation wells in 1959* Initially, wells were located

in the vicinity of Lancaster, but now axe dispersed throughout the valley.

Irrigated acreage has followed the same growth pattern with

crop production reaching a high in 1950* The main irrigated crop, alfalfa,

was the source of 75 percent of the total income from crops in 1953 ancL

ground waters extracted for irrigation of this crop were resi)onsible for

about 80 percent of the net draft on ground water. There have been in-

dications recently that production of irrigated crops is falling off due

to uneconomic pimping costs.

In the past decade the greatest surge of development involved

industrialization and associated commercial developments. Five major air-

craft companies have located at the Palmdale Airport, a $12 million cement

plant has been constructed near Mojave, and a 30 percent increase in the

production of boron at Boron have provided the major inipetus to this

development

.

Based on this pattern of ground water development and utiliza-

tion the average extraction is estimated to be around 200,000 acre-feet

annually for the last decade.

Development of Antelope Valley, accompanied by increased pumping

draft, is indicated by steadily declining water levels. Water levels at

well 7N/10W-19D1 axe considered representative of the historic decrease

in water levels in the basin with a drop of 151 feet observed for the

period 1932-60. During the period I928-6O a drop in water level of approx-

imately l^K) feet occurred at well 6n/12W-24C1 near Palmdale. Depths to
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ground water vary from 10 feet, south of Rosamond Dry Lake to 38O feet

in the Rock Creek area. The present depth to ground water indicates

that declines are persisting except in the Rock Creek Subbasin. Ground

water extractions in the Lancaster and Palmdale areas are continuing to

lower water levels at the rate of one to six feet per yeaf.

Cumulative overdraft in Antelope Valley Ground Water Basin is

estimated to "be in excess of I.5 million acre-feet, and exceeds that of

any other ground water basin in the region.

Water Quality . Within the confines of Antelope Valley basin

the mineral quality of ground water has remained unchanged during the

past 50-year record. Major surface flows, principally from Big Rock and

Little Rock Creeks, have consistently exhibited suitable mineral quality.

The total dissolved solids content of the ground water in the Antelope

basin generally ranges from 200 to UOO ppm except for the area around the

dry lakes said near Boron. Concentration of total solids in ground water

from sources near Rogers Lake, and north throughout most of the North Muroc

Subbasin, generaJ-ly range from 5OO to 1,500 ppm. In order to measure

chemical constituents in ground water, a series of key wells were selected

in each of the eight subbasins that compose the basin. These wells and

the corresponding water quality rating of their waters are plotted on

Figure 38 and tabulated on Table kk.

In Rock Creek Subbasin four key wells have been selected to

gage ground water outflow. These wells are within three miles of the

Rock Creek-Buttes boundary and have had water of suitable mineral quality.

The character ranged from sodium sulfate to sodium-calcium chloride-

sulfate in I96O.
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In Chaffee Subbasin, at the northern extremity, water from two

key wells at the southeast boundary was checked for quality. The water

is suitable for domestic and irrigation purposes and ranged in character

from sodium-calcium bicarbonate to calcium-sodium sulfate -bicarbonate

between 1955 and 1959-

Three key wells were utilized to evaluate the water quality

in Gloster Subbasin. Water from the two western wells was of suitable

quality for all beneficial uses, but water from the eastern well was in-

ferior in quality due to a high percent sodium, which affects irrigation

use. Water from both the western and eastern wells has a sodium

bicarbonate -sulfate character, although water from well 10N/12W-21M1 ex-

hibited a calcium sulfate character during I960.

Three ground water sources were used to evaluate the water

quality in Willow Springs Subbasin. Willow Springs, from I908 to I960,

formed the largest group of springs in Antelope Valley and its sodium

bicarbonate-sulfate waters were of suitable quality. The other two key

wells, located north and northeast of Willow Springs, produce water suit-

able in quality, and of a sodium-calcium sulfate and sodium-calcium

bicarbonate -sulfate character, respectively.

Ground water sampling in Neenach Subbasin has been concentrpited

in the southern half. Most analyses indicate the waters to be suitable

for domestic and irrigation use. Three key wells have been selected to

monitor the outflow quality. Within the last decade waters from these

wells have ranged in character from calcium bicarbonate to sodium-calcium

bicarbonate.
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AlthoTJgh 30 analyses were made of groiind water from veils in

North Muroc Subbasin, none of the analyses indicated the water to be suit-

able for beneficaJ. uses. In fact, the quality of the water appears equally

divided between marginal and inferior. Water for most of the analyses

was obtained from wells north of U.S. Highway No. kSG, in a generally

continuous east-west line emanating at Boron and extending west for 12

miles. Three key wells were selected from this group as representative

of the water quality situation in this subbasin. At the west edge, the

quality is rated as marginal because of the high percent sodium. From

this point east to the basin boundary, waters rated as inferior appear

to the south, and waters rated as marginal to the north; these ratings

result from the high sodium, boron and fluoride content of the water.

The character of the water, moving easterly, varies from a sodium bicar-

bonate to a sodium chloride- sulfate.

Lancaster Subbasin is the largest \init in the Antelope Valley

basin. It is at a lower elevation and ringed by most of the other sub-

basins; consequently, they contribute to the undergro\ind flow and ultimate

composition of its waters. Analyses of water from sixteen key wells

in the Lancaster Subbasin indicate the transition of suitable to inferior

quality waters. Buttes Subbasin, for example, adds a band of ground

waters of suitable quality which extends five miles into the southern

reaches of Lancaster Subbasin. Willow Springs and Neenach Subbasins also

contribute a band of suitable quality ground waters extending ten or more

miles within the subbasin, to U.S. Highway o. In the vicinity of Oban,

however, margined, waters have recently displaced suitable waters. Further

east around Rosamond Lake, ground waters of inferior quality extends six
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miles north-south and nine miles east-west. North Mujtoc Subbasin also

supplies waters of inferior quality to the northeastern comer of Lan-

caster Subbasin. These waters pond under Rogers Lake in an erratic band

extending up to nine miles within the subbasin.
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Proctor Valley Ground Water Basin (6-^^3)

Proctor Valley Ground Water Basin, sho-^m on Figure 39, is a

small irregularly shaped east-west trending basin of about 22 square miles,

located in the south central portion of Kern County, vithin the Searles

Lake Drainage Basin (No. 21).

The basin is bounded on the north by the Sierra Nevada and on

the south by the Tehachapi Mountains. An alluvial high forms the western

limits of Proctor Valley basin.

Highest point in the highlands bordering the basin is Double

Mountain in the Tehachapi s at an elevation of 7,998 feet. The floor of

the basin ranges in elevation from about 5^000 feet to 3,900 feet at

Proctor Lake; this dry lalce has an area of 1.2 square miles.

Geology

The Paleozoic sediments, pre-Tertiary granitic rocks, and Ter-

tiary sediments of the Sierra Nevada occur to the north and east; Paleozoic

sediments and pre-Tertiary granitic rocks of the Tehachapi Mountains are

the predominant rock types to the south. An alluvial high occurs to the

west between Monolith and Tehachapi.

The Quaternary alluvium comprises the upper portion of the valley

fill which extends to a depth of at least 720 feet. Near Proctor Lake,

an intermittent type of playa, the Quaternary alluvium extends to a depth

of about 200 feet.

V/ater Supply

The principal sources of water supply in the basin are deep pene-

tration of direct rainfall and percolation of streamflow originating in
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the vatershed. Average annuaJl precipitation is about ten inches on the

valley floor.

The west side of the basin is a surface drainage divide. Run-

off waters west of this divide flow to Tehachapi Creek northeast to Sai>

Joaquin Valley. Surface drainage to the east of this divide either ponds

in Proctor Lake or flows down Cache Creek toward Fremont Valley. V^ater

ponds in Proctor Lake due to a slight surface drainage divide between

Proctor Lake and Cache Creek.

The areas of Whiterock, Sand, and Cache Creeks are the main re-

charge areas of the Proctor basin and are capable of a moderate recharge

rate. 'Usable groxnid water supplies are derived from the Recent and under-

lying older alluvial deposits.

Under natural conditions ground water flow was probably split

near the divide between Proctor basin and the Tehachapi area and moved

toward the east and west, respectively. Although there is still some

ground water outflow to both east and west, movement of ground water has

been altered by heavy pumping in areas south of Tehachapi and Monolith.

A water table gradient of Uo feet per mile slopes from the north and south

sides of the basin to its central axis. The hydraulic gradient varies

from 10 to 30 feet per mile, sloping to the east or west along the central

axis.

V/ater levels have fallen approximately 50 feet in some areas of

the basin. V/ells on the eastern edge of Proctor Lake once produced artesian

flows but these wells have not flowed since 19^7 • These artesian flows

were caused in part by an upper confined aquifer which has since been drained
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of its water. In I96I, the ground water table was about 60 feet below

Proctor Lake; depth to water increases on the higher slopes.

Development and Utilization . A great n\imber of wells are spread

throughout the valley because ground water is the only source of water in

the basin. Water is used for irrigated agriculture, for industrial uses

of the Monolith Cement Company, and for domestic purposes. Some water

has been exported to Mojave by the Mojave Public Utility District. About

15,000 acre-feet of water is extracted from the basin annually.

The major use of ground water is for irrigated agriculture,

which is declining, due partially to a continued lowering of the water

table. In 1952 the irrigated agriculture in the basin area was about

3,000 acres, but in 1961 it had dropped to about 300 acres. The major

crop produced is alfalfa, while the balance is comprised of various row

crops. Although the Tehachapi Valley area has a population of about 3^000^

only 500 persons live in the area of the Proctor Valley basin, with the

majority located near Monolith.

Water Quality . The ground water of the valley is generally of

suitable quality with the exception of a few wells which produce water

slightly high in fluorides, as sho-vm on Table k-'^. Fluoride concentrations

which cause marginal quality water for domestic purposes average about

0.9 ppm. Water from well 32S/33E-3Ub1, in the southeast end of the valley,

has been rated as marginal due to a nitrate concentration of 5-^ Ppm.

Nitrate concentrations throughout the basin average about 1j ppm.

The character and the total dissolved solids content of the

ground water in the Cache Creek area are notably different from those of
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the water in the rest of the basin. The water in the Cache Creek area

is mostly sodium- calcium bicarbonate- sulfate in character; the ground

water in the rest of the basin, mainly calcium bicarbonate. The total

dissolved solids content of the ground water in the Cache Creek area

averages 567 ppm, which is greater than the average 338 ppm found in the

rest of the basin. The mingling of the Cache Creek area ground water

with that from the main part of the basin is indicated by a change in

character (to sodium bicarbonate) guid by an increase in total dissolved

solids content (to k<£ ppm) in water from well 32S/3^E-3^B1.
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Fremont Valley Ground Water Basin (6-k6)

Fremont Valley Ground V/ater Basin, as shown on Figure kO, is

a bow-shaped basin of about 331 square miles, located at the southwestern

comer of the Lahontan Region in Kern County. The basin lies within the

Searles Lake Drainage Basin (No. 21).

This basin is bounded on the north by the El Paso Mountains,

suad on the east by the Rand Mountains. An alluvial high forms the south-

em boundaiy, and the Sierra Nevada, the western boimdary.

The highest point in the valley is Cache Peak which rises to

about 6,700 feet. The central and lowest part of the basin is occupied

by Koehn Lake; this dry lake has an area of about 5*0 square miles, and

stands at an elevation of about 1,900 feet.

Geology

The Garlock fault zone, which defines the north and northwest

limits of the basin, extends along the abruptly rising southeastern face

of the Sierra Nevada and El Paso Mountains. The Sierra Nevada consists

predominantly of Paleozoic sediments and pre-Tertiary granitic rocks.

The El Paso Mountains contain these same rock types and, in addition,

include pre-Tertiary metamorphic rocks and Tertiary and/or Q^atemary

sediments. Tertiary volcanic rocks occur in the Summit Range and

Klinker Moimtain to the north and northeast. To the east, the Rand

Mountains and their southerly extension consist of Precambrian metamor-

phic rocks and pre-Tertiary granitic rocks. Castle Butte on the south-

east comer of the basin consists of pre-Tertiary granitic rocks and

Tertiary volcanic rocks. The southern limit of the basin is an alluvial

high which joins the granitic highlands and the Sierra Nevada to the west.
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Quaternary alluvium comprises the upper portion of the valley

fill which extends to a depth of at least 1,190 feet. The Muroc favlt

acts as a partial barrier to the northerly movement of ground water toward

Koehn Lake. This lake is a moist, salt- encrusted type of playa, around

which a pressure area exists.

Water Supply

The sources of groimd water replenishment to the basin are

deep penetration of direct rainfall and percolation of streamflow origi-

nating in the watershed. The annual precipitation varies from 5 "to T- 5

inches- on the valley and from 10 to 20 inches in the Sierra Nevada. The

character of surface runoff emanating from the Sierra Nevada is of high

intensity and short duration. This feature affords a maximum recharge

value and a miniminn loss to evaporation. Subsurface inflow to the basin

occTirs principally aroimd the southern basin boundary between the Chaffee-

North Muroc Subbasins in Antelope Valley basin and Fremont Valley basin.

In the Chaffee area, a partial barrier has been formed by the

Mioroc fault that impedes but does not prevent subsurface flow from

moving into the Fremont Valley basin toward Koehn Lake as indicated on

Diagram 9 (Section A-C). Usable ground water supplies are derived from

the Recent and underlying older alluvium. Water level measurements in

this area show that ground water occurs about 200 feet below the sxirface

in Chaffee Subbasin and at about 500 feet just north of the Muroc fault.

Substirface inflow from the North Mirroc Subbasin of the Antelope Valley

basin also takes place at the alluvial narrows between Castle and Desert

Buttes.
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The hydraulic gradient between the alluvial narrovs and Koehn

Lake flattens from 11 feet per mile to about 7 feet per mile, as shovn

on Diagram 9 (Section B-C). Historic vater levels along this alignment

have dropped from 10 to 15 feet just north of the narrows and up to 35

feet at the west side of Koehn Lake. Ground water moves from all direc-

tions toward Koehn Lake.

Recharge to the basin across the Garlock fault is in^ieded by

displacement of the fault as indicated by the difference in water levels

on opposite sides of the fault. Flowing springs existing about two miles

southwest of the town of Garlock on the north side of the fault are

further evidence of the restricted underflow.

Ground water extractions have increased over the years, and

a moderate lowering of the water table has occurred. Artesian flows

still occur near Koehn Lake.

Development and Utilization . Historically, Fremont Valley

Ground Water Basin has maintained a limited agricultural economy utilizing

ground water extractions. Most of the development has been restricted

to an area around Cantil, where soil and water conditions are conducive

to fine agricultiiral production. A few small agricultural developments

have also occiirred near California City and northeast of Koehn Lake.

Mining activities have been conducted in the basin area with gold, silver,

and timgsten being extracted near Randsburg at various periods between

the early 1900's and 19^0' s. Salt production has taken place princi-

pally at Saltdale on Koehn Lake. The population of the basin area has,

on occasions, exceeded 500 persons but, as a rule, not more than 300
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persons live in the basin area. The towns of Garlock, Saltdale, and

Cantil have never developed into centers of population; of these towns,

Cantil is considered to be most developed.

The number of wells required over the years for basin develop-

ment has increased from about 50 in 1918 to more than I70 in I96O.

Their distribution has remained quite static, with a concentration in

the artesian area west of Koehn Lake, and a valley-wlde dispersion of

the remainder. Most large irrigation wells produce more than 5OO gpm,

however, yields as much as 14^,000 gpm have also been reported in the basin.

Artesian flows are sufficient to coat portions of Koehn Lake with a thin

sheet of water which dissolves the efflorescent salts. Brine thus formed

yields salt and gypsum upon evaporation and limited mining operations

have thereby been established.

Irrigated eigriculture has accounted for the bulk of economic

development with an estimated 8,000 acres planted in 1958' Alfalfa and

pasture production account for the greatest single source of income;

grains, melons, and orchards make up the balance.

The average pumping requirement has been about 32,000 acre-

feet annually during the last decade.

Water Quality . The quality of the ground water in the Fremont

Valley Ground Water Basin has remained essentially unchanged during the

period of record. Underflow from North Muroc Subbasin of the adjoining

Antelope Valley basin is rated as inferior for beneficial uses due to

the fluorides and percent sodium; the character of this water is sodium

bicarbonate. Pour miles north of the basin boundary, ground water from
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wells east of California City is of a quality that is rated inferior for

domestic uses, but varies from marginal to inferior for irrigation uses.

Fluoride and the percent sodium content of the water are the bases for

these use ratings; the sodium bicarbonate character remains the same.

Ten miles further north, waters are found of a quality consid-

ered generally suitable for domestic and irrigation uses, but with a

sodium-calcium sulfate-bicarbonate character. This change in the char-

acter of the ground water is evidently caused by the uptake of sulfates

which appear to emanate from the Sierra Nevada material to the west.

Between here and Koehn Lake the quality of the water varies.

These variations in quality result from the comingling of underflow from

many sources. At the base of the El Paso Mountains, the ground water is

apparently degraded by such inflow; water from many of the wells is rated

as inferior in quality for both domestic and irrigation uses.

As shown on Table U6, the wide range in the characteristics of

ground water in the basin results from combinations of sodium, calcium,

sulfates, bicarbonates, and the addition of chlorides. Ground waters

from the periphery of Koehn Lake have concentrations of sodium and chlor-

ides of 10,000 ppm and lU,000 ppm, respectively.

Ground water moving through the Fremont Valley basin from the

south to Koehn Lake has a total dissolved solids content ranging from

UOO to TOO ppm; in ground water moving from the southwest, the total dis-

solved solids content ranges from 800 to 1,000 ppm. In the northeast

portion of the basin, ground water moving toward the lake has about 350

to 1,100 ppm total dissolved solids. The greatest concentration of total
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wells east of California City is of a quality that is rated inferior for

domestic uses, but varies from marginal to inferior for irrigation uses.

Fluoride and the percent sodium content of the water are the bases for

these use ratings; the sodium bicarbonate character remains the same.

Ten miles further north, waters are found of a quality consid-

ered generally suitable for domestic and irrigation uses, but with a

sodium-calcium sulfate-bicarbonate character. This change in the char-

acter of the ground water is evidently caused by the uptake of sulfates

which appear to emanate from the Sierra Nevada material to the west.

Between here and Koehn Lake the quality of the water varies.

These variations in quality result from the comingling of underflow from

many sources. At the base of the El Paso Mountains, the ground water is

apparently degraded by such inflow; water from many of the wells is rated

as inferior in quality for both domestic and irrigation uses.

As shown on Table kS, the wide range in the characteristics of

ground water in the basin results from combinations of sodium, calcium,

sulfates, bicarbonates, and the addition of chlorides. Ground waters

from the periphery of Koehn Lake have concentrations of sodium and chlor-

ides of 10,000 ppm and li<-,000 ppm, respectively.

Ground water moving through the Fremont Valley basin from the

south to Koehn Lake has a total dissolved solids content ranging from

UOO to TOO ppm; in ground water moving from the southwest, the total dis-

solved solids content ranges from 800 to 1,000 ppm. In the northeast

portion of the basin, ground water moving toward the lake has about 350

to 1,100 ppm total dissolved solids. The greatest concentration of total

-351-



dissolved solids is found in waters dra^m from under Koehn Lake; ranging

from 4,000 to 5j,000 ppm, these concentrations render the water unsuit-

able for domestic or irrigation uses.

352-



I Q



3

m



o
oi

VD

I
a.

Q

^
^

CO

I
g -p

K o
C5^—

to H
E-i ^





I





Harper Valley Ground Water Basin (6-U7)

Harper Valley Ground Water Basin, shown on Figure kl, is an

irregularly shaped, northwesterly trending area of about 51^ square miles

located in the western part of San Bernardino County, within the Searles

Lake Drainage Basin (No. 21).

The basin is bounded on the north by Fremont Peak, the Gravel

Hills, and Black Mountain; on the east by a series of low hills, and on

the south by Iron Mountain. An alluvial divide, extending from Iron

Mountain to the Kramer Hills, and another, extending from these hills to

the granitic highlands on the northwest, form the southern and south-

western boundary of the basin.

Maximum elevation in the surrounding highlands is attained on

Fremont Peak which stands at an elevation of U,600 feet. The lowest

point in the basin is Harper Lake; this dry lake covers an area of 16

square miles, and is at an elevation of 2,020 feet.

Geology

liie highlands to the north consist of pre-Tertiary granitic

rocks. The Gravel Hills consist of Tertiary sediments; the Black Moun-

tains are composed predominately of Quaternary volcanic rocks. Iron

Mountain is composed of pre-Tertiary granitic and metamorphic rocks and

Paleozoic sediments. On the south, an alluvial high extends between the

Iron Mountain area and the Kramer Hills; these hills consist of Triassic

metavolcanic rocks, pre-Tertiary granitic rocks, and Tertiary volcanic

rocks and sediments.
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Quaternary alluviiim is exposed over most of the basin floor.

The alluvivuii comprises the upper portion of the valley fill which extends

to a depth of at least U52 feet. Quaternary dune sand deposits occ\ir

along the eastern edge of Harper Lake, a compound type of playa. A pres-

sure area exists in the vicinity of this dry lake. The northwesterly

trending Lockhart fault, flanked by isolated granitic hills, acts as a

harrier to ground water movement in the basin.

Water Supply

The source of grotind water replenishment in the basin is deep

percolation of rainfall and streamflow from the watershed. The annual

rainfall on the valley is approximately four inches. The basin area has

no surface inflow other than occasional flood runoff from Grass Valley

through Black Canyon. Recharge to the valley occurs in the alluvial fans

which fringe the basin. Usable ground water supplies are derived from

the Recent and underlying older alluvial deposits.

Harper Valley basin receives subsurface inflow of ground

water from the Middle Mojave River Valley basin; much of this inflow en-

ters through the area svirroundlng Red Hill. The movement of the ground

water results from a hydraulic gradient which slopes from Middle Mojave

River Valley basin into Harper Valley basin, at a gradient of about 15

feet per mile, as shown on Diagram 7- From well ION/3W-IORI, which is

in the Middle Mojave River Valley basin, to well ION/SW-UHI in Harper

Valley basin, the gradient increases to about 25 feet per mile. This

change in gradient gives evidence of a partial ground water barrier which

serves to delineate the basin bo\mdary. Beyond this boundary, the
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gradient again decreases; it is about 11 feet per mile toward the Lock-

hart Ranch area southwest of Harper Lake.

Ground water normally flows towards the Lockhart Ranch area but

as a result of heavy pumping, a ground water depression has developed.

This depression was most prominent in 195^^—57 when 2,300 acres were being

irrigated. In July I96I, only about 5OO acres were being irrigated, and

the pumping depression, though still in existence, had greatly diminished.

A small quantity of subsiirface flow possibly enters the valley

from Cuddeback Valley Ground Water Basin.

Development and Utilization . The population of the basin has

slowly increased from less than 50 in I92O to about 5OO in I96I. This

increase was largely due to an increase in irrigated agriculture at

Lockhart. The centers of population are the Lockhart area and Kramer

Junction.

In 1920 there were approximately 50 wells in the valley; at

present there are about I60 wells. Most of these wells are in the Lock-

hart area and are utilized for irrigation purposes

-

In the period I95U-I957, the Lockhart Ranch irrigated 2,300

acres of alfalfa and some oats. At this time there was also a number of

chichen farms in this area. The Lockhart Ranch has now decreased its

productive area to about 5OO acres. During the period of greatest pro-

duction in the valley, about 12,000 acre-feet of ground water was being

extracted annually; this has now decreased to approximately 3^ 500 acre-

feet per year. Water levels at Black's Ranch have remained at the sxor-

face since 191?^ but the levels in the Lockhart area have dropped about

30 feet since I9I9.
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Water Quality . Ihe water quality of Harper Valley has remained

fairly constant during the kO years of record. The quality of subsurface

inflow from Middle Mojave River Valley Ground Water Basin is suitable but

becomes marginal to inferior as the water moves toward Harper Lake. Ihe

water quality in the western part of the valley, at well 10N/6W-5E3, is

rated as inferior for irrigation uses because it has a high percent sodium

(85 percent) and a boron concentration of 3»0 ppm. The fluoride concen-

tration and the percent sodium are the basis for rating the quality of

the water from wells in the northern part of the valley marginal to

inferior.

The total dissolved solids content of ground water entering the

basin through the narrows at Red Hill is about 3OO to ^400 ppm. By the

time ground water reaches the Lockhart area the total solids content is

in the 8OO to 90O ppm range and is as high as 2,391 ppm along the western

edge of the dry lake. Ground water moving from the west side of the

basin is higher in total dissolved solids, as indicated by samples from

Kramer Junction which ranges from 1,350 to 1,650 ppm.

Throughout the basin, the concentrations of boron and fluoride,

and the high percent sodium are the basis for rating the quality of the

water marginal to inferior as shown on Table k"]. The boron concentration

ranges from 0.26 to 3*38 ppm^ and averages about I.76 ppm. Fluoride con-

centrations range from O.5 to 3*0 ppm, but eire generally less than I.5

ppm. The percent sodium ranges from 12. h to 91 • 3 percent and averages

81.9 percent.

Subsurface inflow from the Middle Mojave River Valley basin gen-

erally has a sodium chloride-bicarbonate character; as the inflow moves
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under the dry lake, however, chloride replaces bicarbonate as the pre-

dominant anion. The sodium chloride character of the ground water in

the area southwest of the dry lake results from subsurface inflow of

these chloride waters from Middle Mojave Valley basin plus the re-

solution of evaporate deposits within the sediments underlying the dry

lake. Ground water in the western and northern parts of the basin has a

sodium chloride-sulfate character.
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Goldstone Valley Ground Water Basin (6-48)

Goldstone Valley Ground Water Basin, shown on Figure k2, is a

long narrow northerly trending area of about 27 square miles, located in

the northwest part of San Bernardino County, within the Searles Lake

Drainage Basin (No. 21).

Low hills, rising about 600 feet above the valley floor, border

the basin on all sides. The lowest point in the valley, Goldstone Lake,

stands at an elevation of 3^055 feet, and is 1.75 square miles in area.

Geology

The hills which surround the basin on the northwest, north, and

east consist of Tertiary volcanic rocks, those to the southeast consist of

pre-Tertiary granitic rocks. Paleozoic sediments occur in the hills to the

south and in the Goldstone Hills along the southwestern margin of the basin.

Quaternary alluvium is exposed over most of the basin floor. The

alluvium comprises the upper portion of the valley fill which extends to a

depth of at least 330 feet. Goldstone Lake is a dry type of playa.

Water Supply

The principal source of ground water replenishment in Goldstone

Valley Ground Water Basin is percolation of streamflow originating in the

watershed. The annual rainfall in the basin area is probably less than

three inches; the surface inflow to the valley is quite limited. Alluvial

fans fringing the basin serve as recharge areas.

Ground water in the Recent and underlying older alluvium flows

centripetally toward Goldstone Lake . There is no subsurface inflow of

ground water. South of Goldstone Lake, well iUn/1E-7B1 was drilled in con-

nection with a Camp Irwin water supply survey. The depth to water in this

well is 230 feet.
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Development and Utilization . The valley has had no domestic

development during the period of historic record which begain in 1917. The

northern half of the valley lies in the Camp Irwin Military Reservation.

At present, a tracking station at the southern end of the dry lake is used

for satellite communication.

Water Quality . An analysis of water from well l^iN/lE-TBl indicates

the water was of calci\am- sodium chloride character, with a chloride content

of 613 ppm. Because of this high content the water was rated as inferior

in quality for irrigation uses. Since the water also had a fluoride content

of 1.0 ppm and a total dissolved solids content of l,8l8 ppm, it was rated

as marginal in quality for domestic uses, as shown on Table 48.
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Superior Valley (iround Water Basin (6-U9)

Superior Valley Ground Water Basin, shown on Figure U3, is a

roughly elliptical-shaped northwesterly trending area of about 172 square

miles, located in the northwestern part of San Bernardino County, within

the Searles Lake Drainage Basin (No. 21).

The basin is bounded on the north by Robber Mountain and the

Eagle Crags, and on the northeast by the Goldstone Hills. Opal Mountain

is on the south, and Slocxom Mountain and Pilot Knob on the west.

The highest point in the surrounding highlands is Eagle Crags

which rises to an elevation of 5> 500 feet. The valley floor slopes from

the surrounding mountains toward three dry lakes which sure arranged in

an almost east-west direction neax the south central part of the basin:

West Superior Lake which is 3.I square miles in extent, Middle Superior

Lake covering an eirea of O.7 square miles, and Ausland Lake which includes

an area of 2.6 square miles. Ausland Lake is the lowest point in the

basin, at an elevation of 2,996 feet.

Geology

Tertiary volcanic rocks occur to the north in Robber Mountain

and Eagle Crags, and to the northeast in the Goldstone Hills. The hills

also contain Paleozoic sediments. Pre-Tertiary granitic rocks occur in

the mountains and hills to the east and southeast. To the south, pre-

Tertiary granitic. Tertiary volcanic, and Quaternary volcanic rocks occur

in the Opal Mountain area. Rocks similar to those found along the south-

ern edge of the basin also occur to the west in the Slocum Mountain and

Pilot Knob axeas, however, pre-Tertiary granitic rocks predominate.
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Quaternary alluvium is exposed over most of the basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least 368 feet. Ausland, Middle Superior, and West

Superior Lakes are all dry types of playa.

Water Supply

The sources of ground water replenishment on the basin are deep

penetration of direct precipitation and percolation of streamflow origina-

ting in the watershed. Annual rainfall in the valley is approximately

six inches; surface inflow is -limited to occasional runoff from the sur-

rounding mountains. Water entering the alluvial fans fringing the high-

land areas recharges the basin at a moderate rate. Ground water in the

Recent and underlying older alluvium moves radially toward Ausland Lake.

Water levels have remained almost constant throughout the period of record

which began in I92O.

A northerly extending ground water barrier occurs near the east-

ern edge of the basin. Water levels east of this barrier are about 55

feet lower than water levels to the west of this feature.

Development and Utilization . The population of this valley

was reported to be over 100 during the period I917-I92O, but at present

there is no one living in the valley. During this earlier period, twenty

wells were in operation, but at present there are 28 wells, most of

which are located near the playas. There are a few stock wells in the

northwestern part of the basin which are used only during the winter

months. The total extraction for the valley is probably less than two

acre-feet per year.
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Water Quality . The quality of the ground water in the basin

has been marginal to inferior for both domestic and irrigational uses

throughout the period of record, which began in 1953' As shown on Table

k^, a high percent of sodium and fluoride content are the major constit-

uents forming the basis for this rating. Most of the ground water in the

basin has a sodium bicarbonate character.

Fluoride ion concentration range from 0.1 to k.O ppm; they

average 1.7 ppm. The percent sodium averages 73 percent. The total dis-

solved solids content ranges from 357 to 2,265 ppm; the mean is about

605 ppm.
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Cuddeback Valley Gjround Water Basin (6-^0)

Cuddeback Valley Ground Water Basin, shown on Figure M^, is an

irregularly shaped area of about I30 square miles located in the western

part of San Bernardino County, within the Searles Lake Drainage Basin

(No. 21).

Cuddeback basin is bounded on the north by the Lava Mountains,

on the east by a series of hills, on the south by Fremont Peak and the

Gravel Hills, and on the west by the Rand Mountains.

Red Mountain, the highest peak in the s\irrounding highlands,

rises to an elevation of 5,270 feet. The elevation of the valley floor

is about 2,800 feet, and the lowest point in the basin is Cuddeback Lake

which stands at an elevation of 2,553 feet; this dry lake includes an

area of 6.3 square miles.

Geology

The Lava Mountains, along the northern edge of the basin consist

predominately of Tertiary volcanic rocks. An alluvial high to the north-

east joins the Lava Mountains to highlands on the east. These highl ands

consist of pre-Tertiary granitic rocks and some Tertiary volcanic rocks.

To the south, the Gravel Hills consist of Tertiary sediments; Fremont Peak

and its westerly extension consist of pre-Tertiary granitic rocks. The

Rand Mountains to the west consist primarily of Precambrian metamorphic

rocks with some pre-Tertiary granitic and Tertiary volcanic rocks.

The Quaternary alluvium covers the major portion of the basin

floor. The alluvium comprises the upper portion of the valley fill which

extends to a depth of at least 30O feet. A pressure area exists in the

vicinity of Cuddeback Lake, a dry type of playa.
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Water Supply

The principal source of ground water replenishment in Cuddehack

Valley Ground Water Basin is percolation of streamflow originating in the

watershed. The annual rainfall in the basin area is approximately 5 inches.

Surface inflow is limited to occasional flood runoff from the surrounding

mountains. The main areas of recharge are the fans of the Red Mountain

and Fremont Peak.

Ground Vater, which is found in Recent and underlying older allu-

vi\an, moves toward Cuddeback Lake from the mountains on the west and east.

There is also a possibility of subsurface outflow from Cuddeback Valley basin

towards Harper Valley basin throxigh the gap between Fremont Peak and the

Gravel Hills. The hydraulic gradient from the wells in the north central

and western area of the valley to the southern end of the dry lake, is approxi-

mately 1 foot per mile. Since the gradient is toward the southern end of the

dry lake, and Harper Valley is about 500 feet below Cuddeback basin, there is

a possibility of subsurface outflow towards Haxper Lake.

The water levels of the wells in the basin have changed very little

during the period of record which began in 1917* The depth to water near

the dry lake is about 60 feet, whereas the depth to water 3 miles southwest

of the dry lake at well (30S/iHE-36Gl) is 236 feet. The depth to water at

the Blackwater Well, a developed spring in the northeastern part of the valley,

is about 20 feet. At one time this well was used as a watering station for

the "Twenty Mule Teams" hauling borax from Death Valley to Mojave.

Development and Utilization. The major development in the basin

area has been the sporadic mining operations in the Atolia district. Tungsten

was first mined in 1904; since then, some gold and silver have also been taken
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out of the district. The waxtime boom prices in I916 broiight thousands of

miners into the Atolia district to mine the tungsten deposits, but most of

the time fewer than 200 men were operating these mines. The lack of a good

supply of water hindered mining and for a nimber of years, water was hauled

in tank cars from Hinkley. In 1915^ the Atolia Mine Company piped water 5

miles from a well near Randsburg to their concentration mill at Atolia.

Later, water was piped from some wells west of the dry lake to the mining

operations in Atolia. Presently, the Atolia mining operations are not

functioning.

The only activity in the- basin is at the United States Air Force

bombing range which is east of Cuddeback Lake. There are approximately 30

military personnel stationed at this range. At present, the population for

the entire basin area is estimated to be 50.

There are about 30 wells in the valley, most of which are located

north of the diy lake. None of these wells provide water for irrigation,

but a few produce water for stock during the winter months. The main use of

the ground water is for domestic use by personnel at the bombing range. It

is estimated that the present extraction of ground water from the basin is

less than 10 acre-feet per year.

Water Quality. Historic water quaJ-ity data indicate that since

1917 the groxmd water quality has been marginal to inferior for most bene-

ficial uses. As shown on Figure kk and Table 50, the water in the north-

western part of the basin is of inferior quality due to the high chloride

concentration and the high total dissolved solids content.
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The chloride ion in the basin concentration ranges from 60 to

2^ 563 ppm snxdi the highest concentrations are found in the area northwest

of Cuddeback Lake. The total dissolved solids content varies from 375 to

U,73^ ppm.

The general character of the ground water in this basin is sodium

chloride-bicarbonate or sodium chloride.
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Pilot Knob Valley Groxmd Water Basin (6-$l)

Pilot Knob Valley Ground Water Basin, shown on Figure ^+5^ is a

northeasterly trending, long, narrow, and irregularly shaped area located

in the northwestern part of San Bemajrdino County, within the Searles Lake

Drainage Basin (No. 2l)

.

The basin is bordered on the north by the Slate Range and Quail

Mountains. A nxanber of mo\intain peaks, including Eagle Grags, Robber

Mo\intain, and Pilot Knob, adjoin the eastern and southern boundary; the

Lava Mountains are on the western border of the basin. Mountains on both

the north and south sides of the basin reach elevations of 5,500 feet;

the elevation of the basin floor ranges from 3,500 to 2,250 feet.

Geology

The northern edge of the basin is defined by the Garlock fault

along the base of the Slate Range and Quail Mountains. These highlands

consist of pre-Tertiary granitic and metamorphic rocks with some Tertiary

volcanic rocks and Tertiary-Quaternary sediments. The mountains and hills

to the east consist of pre-Tertiary granitic and Tertiary volcanic rocks.

Pre-Tertiary granitic rocks in Slocum Mountain, and Tertiary volcanic

rocks, in the Eagle Crags, occ\ir along the southern edge of the basin.

The Blackwater fa\alt roxighly delineates the southwestern edge of the basin,

which consists of pre-Tertiary granitic rocks and Tertiary and Quaternary

volcanic rocks. The Lava Mountains to the west consist of Tertiary volcanic

rocks and sediments. Tertiary-Quaternary sediments occur to the northwest

between the Lava Moimtains and Slate Range, roughly parallel to the Garlock

favat.
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The Quaternary alluvium which is exposed over most of the basin

floor comprises the upper portion of the valley fill. The Garlock fault

zone probably acts as a barrier to the movement of ground water.

Water Supply

The principal source of ground water replenishment in the basin

is percolation of streamflow originating in the watershed. The annual

rainfall in the basin is estimated to be about five inches. Surface flow

in the basin occurs from the occasional runoff from the surrounding moun-

tains. The major recharge areas, which have a moderate recharge capacity,

are the alluvial fans that fringe the basin.

Surface flow in the eastern part of the basin drains northward

toward the pass leading into the Brown Mountain Valley basin; in the

western part, surface flow drains northward toward a wash leading into

Searles Valley basin. Ground water may also move through these same pas-

sages into Brown Mountain and Searles Valleys. Usable ground water supplies

can probably be derived from the Recent and underlying older alluvial

deposits.

Development and Utilization . Although part of a naval reserva-

tion, the basin has had no significant development, and only one well is

known to have existed. Well 2^S/kk^E-22¥X, a developed spring, is known

as Granite Wells, and has been the most prominent watering point in the

area. In 1918, this well yielded water at a rate of about I/8 gpm, char-

acteristic of the flow of the seeps and springs that exist in the south-

western part of the valley. Water from this well has been used for

domestic or stockwatering purposes. Presently, there is no known ground

water usage in the basin.
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Water Quality . An analysis of water from Granite Wells in

1918, indicated that the water had a total dissolved solids content of

kOk ppm; the fluoride and boron components were not reported. As shown

on Table ^1, the general character of this water was calcium bicarbonate.
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Searles Valley Ground Water Basin (6-^2 )

Searles Valley Ground Water Basin, shovm on Figure k6, is a

predominantly northerly trending bow-shaped area of about 25I square miles,

located in San Bernardino and Inyo Counties, within the Searles lake

Drainage Basin (No. 2l).

The basin is bounded on the west by the Argus Range and Spangler

Hills, on the east by the Slate Range, and on the south by the Summit Range

and lava Mountains. The basin floor ranges in elevation from 1,621 feet at

Searles lake to 3*300 feet in the southwest end of the basin. Elevations

reach 6,500 feet in the Argus Range and about 5,500 feet in the Slate Range.

Searles lake occupies approximately kO square miles in the central-north

portion of the basin.

Geology

The Slate Range along the eastern edge of the basin consists

predominantly of pre-Tertiary granitic and metamorphic rocks with some

Paleozoic sediments on the northeast. On the south, the Garlock fault

roughly parallels the trace of the Summit Rajoge, which consists of pre-

Tertiary granitic rocks and Tertiary volcanic rocks eind sediments, and the

lava Mountains, which include Tertiary volcanic rocks and/or sediments.

The Spangler Hills and the Argus Rajige to the west consist of pre-Tertiary

granitic rocks.

Quaternary alluvium is exposed over a portion of the basin floor.

The alluvium comprises a large portion of the upper valley fill; the valley

fill extends to a depth of at least 750 feet. The playa deposits of Searles

Lake, a crystalline type of playa, form another portion of the upper valley

fill.
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Water Supply

The principal source of ground water replenishment in the Searles

Valley Ground Water Basin is percolation of streajnflow originating in the

watershed. The annual rainfall at Trona ranged from 1.8 to 11.5 inches

for the period l897-19^7> averaging k.k inches annually. The mountains

bordering the basin on the east and west may receive as much as ten in-

ches of precipitation annually. There are no perennial streams flowing

into the valley and any precipitation which occurs within the valley is

normally lost by evaporation.

Limited recharge occurs principally in the upper slopes of the

alluvial fans near the northern end of the basin. Subsurface inflow may

occur from Salt Wells Valley basin, but because the basin has interior

drainage, there is no surface or subsurface outflow. Usable ground water

supplies are derived from the Recent and underlying older alluvial deposits.

Depths to water in 20 wells in the basin ranged from five to more

than 300 feet. The hydraulic gradient which generally slopes toward Searles

Lake has been modified locally by pumping depressions caused by constant

withdrawals at Valley Wells where the gradient has been reversed so that

it slopes toward Valley Wells at a rate of about three feet per mile, as

shown on Diagram 10.

Dfevelopment and Utilization . The development of Searles Valley

was due to the discovery and mining of minerals in Searles Lake, the largest

natural salt deposit in the Lahontan Region. Some metal mining has also oc-

curred in the surrounding mountains, especially in the Slate Range. The

chemical deposits of Searles Lake were discovered in l863 and have been

worked since l873- Principal products are boron, cesium, lithium, potash,

and soda ash.
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Three potash companies were established on the west side of the

lakebed and the towns of Trona, Borosolvay, and VJestend, which were mainly-

owned by these companies, grew around their processinc plants. During

World V/ar I, when cheap potash was cut off from Germany, the production was

pushed to unprecedented levels, and 3«5 million dollars worth of potash ^Ta.s

sold in 1918. After the end of the war, the cheaper German potash went

back on the market, and as a result, the operations at Searles Lake nearly

ceased; the plant in Borosolvay was closed in the winter of 1921-22. Brine,

from which the chemicals are processed, is pumped up from the "crystal body,"

in the center of the playa, and piped to the plants at its edge for pro-

cessing.

V/ater levels in the wells originally drilled in the lakebed were

either artesian or at the playa surface; one well was reportedly flowing at

the rate of kO gallons per minute in I918. The American Trona Corporation

dug several wells north of the lakebed in search of suitable quality water,

but to no avail. Water for domestic use either was obtained from springs

located on the east slope of the Argus Range or was hauled in by tank car.

Domestic water for the plants at Borosolvay and Westend was hauled in by

tank car from Cantil, located about 50 miles southwest in Fremont Valley. In

the fall of 1917, 80,000 gallons of water per month were being used to sup-

ply 175 persons at Borosolvay. During the 19^1-0 's a 29-mile pipeline from

Indian Wells Valley was constructed to import water for domestic use. To-

<ia.y, approximately 5OO acre-feet is imported annually via this pipeline. In

addition, about 100 acre-feet of water for domestic use is obtained from

springs on the east slope of the Argus Range.

The present population in the Searles Valley basin area is

estimated to be about ^,000; the town of Trona is the largest town. Almost
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Approximately 9,500 acre-feet of brine is extracted from Searles Lake

each year for chemical processing, and some 50O acre-feet of water is

piped from Valley Wells for sluicing and sanitary purposes.

Water Quality . Ground water under Searles Lake is of inferior

quality for domestic or irrigation use. The salt content of the ground

water obtained at Valley Wells has increased greatly because a pumping

depression draws the briny water from the lakebed toward Valley Wells.

The total dissolved solids content of ground water at Valley Wells has

increased from about 2,000 ppm to about 8,000 ppm between 1953 and i960.

Ground water in the far north end of the basin, as indicated by water

from well 2l4S/43E-l4Ll, is of suitable quality for domestic use, but its

high percent sodium makes it inferior for irrigation use. The ground

water quality in the southern tip of the basin, near Searles Station, is

of suitable quality for all beneficial vises. No wells are known to exist

between Searles and Searles Lake; however, ground water of suitable qual-

ity could probably be found in this area. Data on water quality in the

Searles Valley basin is shown on Figure k6 and Table 52.

Water from the springs in the Argus Range varies in quality and

the total dissolved solids content ranges from 22^ to 420 ppm. One of

these springs has a high fluoride content and a second has a high nitrate

content which impairs the water quality. However, vriien water from these

springs is mixed with water from the other springs, the overall quality

is sviitable for domestic use. Water for domestic use imported from

Indian Wells Valley has a total dissolved solids content of 390 ppm and

is of suitable qiiEd.ity for all uses.
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The character of the spring water in the Argus Range ranges

from calcium-sodium bicarbonate to sodivun-calcium bicarbonate; the wells

in the north half of the valley exhibit a sodium chloride character. The

water from well 28s/toE-22Ql in the south end of the valley is calcium-

magnesium chloride-bicarbonate in chaiB,cter.

The brine pumped from the crystal body in the lake bed has a

total dissolved solids content of about 350,000 ppm which is about 10 times

the concentration of total dissolved solids in the Pacific Ocean.

There appears to be no pollution problem due to domestic or

industrial waste discharges in the valley. The main sewage plant at Trona

discharges a chloride brine effluent through a primary treatment plant to

the dry lakebed for evaporation and percolation.
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Salt Wells Valley Ground Water Basin (6-^3)

Salt Wells Valley Ground Water Basin, shown on Figure kf, is an

easterly trending, roughly shaped oval area of about 3*+ square miles lo-

cated in San Bernardino County, within the Searles Lake Drainage Basin

(No. 21).

The hasin is bounded on the north by the Argus Range, on the

east and west by low hills sepatrated by alluvial divides, and on the

south by the Spangler Hills. Elevation of the basin floor ranges from

a low of about 1,800 feet, at the east end, to about 2,500 feet in the

southern part of the basin. Maximum elevations rise to approximately

3,550 feet in the Spangler Hills and Argus Range. Salt Wells Valley

Lake is a long, narrow one- square mile area located in the central part

of the basin at an elevation of 2,130 feet, and is a dry type of playa.

Geology

Pre-Tertiary granitic rocks, which occur in the Argus Range

to the north and the Spangler Hills to the south, define the limits of

the Salt Wells basin. Pre-Tertiary granitic rocks also occur in the

hills to the east and west. Passes through these hills, such as Ssilt

Wells Canyon, connect Salt Wells basin to the adjoining basins.

Quaternary alluvium is exposed over a large portion of the basin

floor. The alluvium comprises the upper portion of the valley fill which

extends to a depth of at least 50 feet.
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Water Supply

Sources of ground water replenishment to the basin are imderflow

from Indian Wells Valley, deep penetration of direct rainfall, and percola-

tion of nmoff- The basin receives an annual precipitation of fovir or five

inches. There is no surface inflow to the basin; any runoff from the

surrounding highlands drains to an easterly sloping wash which traverses

the central axis of the valley toward Salt Wells Canyon.

Usable groiind water svrpplies are derived from the Recent and

vtnderlying older auLluvial deposits. Ground water moves easterly, as shown

on Diagram U, from Indian Wells basin to Salt Wells basin and on to Searles

basin. Between each basin, there is a water level differential of about

250 feet.

The depth to ground water at Salt Wells is 20 feet. One and

one-half miles east of Salt Wells, in Salt Wells Canyon, ground water rises

to the surface during the wetter months and flows as a small stream of cool,

clear, but salty water.

Development and Utilization . The basin has experienced very

little development although it is part of a military reservation. A stage

coach station existed at one time in the area where the roads from Randsburg

and Ridgecrest join, and a dvig well was located there. Well 26s/U2E-2^1

was drilled between the intersection of the roads; when visited in i960, it

was abandoned. There is presently no extraction of ground water within the

basin. A pipeline, which transports water from Indian Wells Valley to

Searles Valley for domestic use, passes through Salt Wells Valley, but no

use is made of this water in the basin.
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Water Qiiallty . The quality of water from well 26s/42E-29Jl is

inferior for all beneficial uses, as shown on Table 53 • This water has

a sodivun chloride character and contains more than U,000 ppm total dis-

solved solids.

Ground water rising to the surface and flowing in Salt Wells

Canyon has a total dissolved solid content of about 39,000 ppm, which is

a little greater than that of sea water.
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Indian Wells Valley Ground Water Basin (6-^U)

Indian Wells Valley Ground Water Basin, shown on Figxire hQ, is a

northeasterly trending irregularly shaped area of about 519 square miles

located in San Bernardino, Kern, and Inyo Counties, within the Searles

Lake Drainage Basin (No. 21).

The basin is bounded on the north by the White Hills and an

alluvial divide, on the east by the Argus Range, on the south by the El

Paso Mountains, and on the west by the Sierra Nevada. China Lake, at an

elevation of 2,153 feet, is the low point in the basin and covers an area

of seven square miles. From this dry lake, the basin floor rises to ele-

vations of 3,200 feet. Elevations in the bordering mountains reach a

maximum of 8,^1-75 feet in the Sierra Nevada and 6,562 feet at Argus Peak.

Geology

Quaternary volcanic rocks and playa deposits, and an alluvial

divide occur along the northern edge of the basin. Ihe Argus Range on the

east and the Spangler Hills on the southeast consist of pre-Tertiary gra-

nitic rocks. To the south, the El Paso Mountains and the El Paso Peaks

area consist of pre-Tertiary metamorphic and granitic rocks, Paleozoic

sediments, Tertiary sediments, and Quaternary volcanic rocks. Ihe Sierra

Nevada to the west of the basin consists of pre-Tertiary granitic rocks.

Quaternary alluvium is exposed over most of the basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least 1,350 feet. A pressure area exists in the vicinity

of China Lake, a moist, clay encrusted type of playa. Numerous northwest

trending faults occur throughout the basin and in the adjoining hill and
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mountain areas. The northerly trending Sierra Nevada fault zone extends

along the western edge of the basin at the base of the Sierra Nevada.

Water Supply

The principal source of ground water replenishment in Indian

Wells Valley Ground Water Basin is percolation of streamflow originating

in the watershed. The annual precipitation at Armita^e Field in the

Naval Ordnance Test Station for the period 19U6-I958 ranged from O.lU to

5.88 inches, averaging 2.19 inches annually. The annual precipitation

falling on the Sierra Nevada is more than 15 inches. Runoff from this

range drains into ten major canyons to the upper slopes of the alluvial

fans where it percolates into the coarse sediments, becoming the principal

source of ground water in the basin. Usable ground water supplies are

derived from the Recent and underlying older alluvial deposits. Recharge

to the ground water basin from all sources has been estimated to be about

U0,000 acre-feet annually.

Movement of ground water includes percolation at the foot of the

Sierras and lateral displacement toward China Lake; evapotranspiration

from this lake is estimated to occur at about 8,000 acre-feet per year.

The only known subsurface outflow from the basin consists of an estimated

20 acre -feet moving to Salt Wells Valley Ground Water Basin through the

narrows southeast of China Lake as shown on Disigram 11.

Water levels near the town of China Lake have fallen about 20

feet since 19^*^5 because of greatly accelerated extractions. However, the

water table near the area of the dry lake and near the outer edges of the

basin has remained relatively constant. Depth to water is generally be-

tween 200 and 3OO feet below the surface near the Sierra Neyada, but the
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vater table occurs at or above the ground surface near China Lake. A

pumping depression exists in the vicinity of Ridgecrest; water levels

are from I05 to I50 feet below the surface.

The hydraulic gradient slopes toward the dry lake from the Sierra

Nevada at a rate of four to six feet per mile; from the southwest finger of

the basin, the slope toward the dry lalce is about 20 to Uo feet per mile.

Development and Utilization . A survey of Indian Wells Valley

basin in I92O revealed the existence of IO8 wells, generally distributed

in an "L"-shaped band to the west and south of China Lake. At that time,

pumping was most extensive near the central portion of the basin. Most

of the water was utilized in irrigated agriciilture, and there were 8OO

acres of crops; apples, pears, peaches, and alfalfa. Total extraction

of ground water was about 2,900 acre-feet per year.

By 19^2, there were I77 wells situated in the same general area^

However, the center of heavy pumping had shifted to the southeastern

comer of the valley near the City of Ridgecrest. Ground water extrac-

tion for irrigated agriculture had been reduced, the total acreage having

been decreased to approximately 250 acres of alfalfa. Although demands

for ground water had increased with exports of water for industrial devel-

opments (beginning in the 19^0' s) at Trona, in Searles Valley, the large

decrease in irrigated agriculture resulted in an overall reduction in

ground water use to about 2, 300 acre-feet per year.

In 1953> there were 2^0 wells. Most of these wells were gener-

ally within the central portion of the basin, but the newer and major

wells, supplying Ridgecrest and the Naval Ordnance Test Station at China
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Lake, had been dispersed over a larger area. New wells were drilled north

and west of Ridgecrest, and the area of greatest pumping moved nearer the

town of China Lake. Agricultural developments had decreased to about 6o

acres of alfalfa, and the population had increased to about 2,300. Indus-

trial requirements for ground water at Trona had risen to 500 acre-feet

annually, and the military base used more than TOO acre-feet, resulting

in a combined pumping of approximately 2,800 acre-feet that year.

By 1959> "the number of wells had increased to 260. Irrigated

agriculture had increased to 3OO acres of alfalfa, and the basin popula-

tion had jumped to 24,000. Military activity at the Naval Ordnance Test

Station had greatly increased, and more than half of the extracted ground

water of the basin was utilized by the Test Station. About 5OO acre-feet

of water was exported to Trona. An estimated 9j300 acre-feet of ground

water was extracted from the basin in 1959*

Water Quality . Ttie quality of the ground waters in the basin

appears to have remained relatively constant since 1920. Water of suit-

able quality is found in the central-west area but toward the east, the

quality becomes generally marginal to inferior in the vicinity of China

Lake as shown on Figure U8 and Table ^h. Some waters rated as inferior

for domestic and irrigation uses are also found in the southwest end of

the valley. Bie total dissolved solids content in the ground waters in

the central-west and southwest areas generally is in the 200 to 500 ppm

range, but in the area of the dry lakes, it is 5^000 ppm or more. Ground

water in the central-north side of the valley has a total dissolved solids

content ranging from 5OO to 60O ppm, and in the central-south side, rang-

ing from 250 to 300 ppm.
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The ground water in the vicinity of China Lake generally is

rated as inferior in quality for most uses. The marginal and inferior

quality of water in other areas is mainly due to either high concentra-

tions of boron and fluoride, or percent sodium. For example, the waters

from two wells in the southwest tip of the valley (27S/36E-3IDI and

28S/38E-I8RI) has a total dissolved solids content of less than 50O ppm

but a fluoride concentration of eight ppm and percent sodium of SO*

Water from the vicinity of the dry lake may eventually move southerly into

the pumping depression near Ridgecrest.

Runoff from the Sierra Nevada is predominantly calcium bicar-

bonate in character. It becomes sodium bicarbonate in character as it

moves through alluvi\im and sodium chloride near the dry lake areas.

The sewage treatment plant for Ridgecrest is two miles south-

east of town. All effluent from this plant is utilized for crop irriga-

tion. The sewage treatment plant for China Lake is located about one mile

north of town. Effluent from this plant is discharged to lagoons from

which approximately 75 percent is pumped for irrigation of a golf course.
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Coso Valley Ground Water Basin (6-^3)

Coso Valley Ground Water Basin, shown on Figure 49, is a north-

erly trending arcuately shaped area of about 52 square miles, located in

the southwest corner of Inyo County, within the Searles Lake Drainage

Basin (No. 21).

This basin is bordered on the north by the Coso Range, on the

east by the Argus Range, on the south by the White Hills, and on the west

by volcanic highlands.

The floor of the basin ranges in elevation from 2, 260 feet at

Aiirport Lake, which covers an area of about 2.0 square miles, to about

3,200 feet at the northern limits of the basin. A few of the surrounding

peaks reach elevations of 6,000 feet.

Geology

The Coso Range to the north consists of Quaternary volcanic

rocks; the Argus Range to the east consists of pre-Tertiary granitic rocks,

with some Quaternary volcanic rocks. The White Hills area to the south

consists of Quaternary volcanic rocks and playa deposits and an alluvial

high. Pre-Tertiary granitic and Quaternary volcanic rocks occur in the

highlands to the west.

Quaternary alluvium is exposed over much of the valley floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least 117 feet. Airport Lake is a dry type of playa.

Water Supply

The principal source of ground water replenishment in Coso

Valley Ground Water Basin is percolation of streamflow originating in

the watershed.



The basin receives an annual rainfall of about five inches.

Surface runoff from the Coso and Argus Ranges flows from the outer edges

of the basin towards Airport Lake. The northern end of the valley is

drained by the Coso Wash.

The fans of the Coso and Argus Ranges are the principal recharge

areas and are capable of a moderate recharge rate. Ground water in the

Recent and underlying older alluvium generally moves southerly and prob-

ably flows into Indian Wells basin. Vfater was found at a depth of about

117 feet below the surface in well 2i4-S/iK)E-6Al, drilled about one mile

southeast of the dry lake; in a well about four miles south in Indian

Wells basin, the water level was about 60 feet lower. If there is conti-

nuity between these wells the hydraulic gradient would be 15 feet per mile.

Development axid Utilization . The basin has \indergone very

little development other than the mining and the military operations. In

the early 1900's, Daxwin Road, which traverses the southeast edge of the

valley, was one of the main routes to the Darwin and Coso mining districts

and to Ballarat in Panamlnt Valley. During the 1930's, quicksilver was

mined from the area around Coso Hot Springs. Approximately $17;C)00 worth

of quicksilver was produced from 1935 to 1939* t)ut production ceased in

19^.

One well known to have existed in the valley has been destroyed;

the prior use of its waters is unknown. At present there is no extrac-

tion of ground water in the basin.
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Water Quality . There are no available analyses of water from

Veil 24s/'+OE-6a1, however, water from well 2Us/^0E-20Jl about two miles

south of the Coso basin, in Indian Wells basin, is of marginal quality

due to a chloride concentration of 508 ppm. This may indicate that ground

water in Coso basin is also of marginal quality, since ground water prob-

ably flows from Coso basin to Indian Wells basin.

Water from the Coso Hot Spi-ings, in the northwest tip of the

basin, has been reported to have a high dissolved salts content. A sam-

ple collected in I91O had a sulfate concentration of l,i+00 ppm. Any water

contributed to the basin from this source would be poor quality water.

An analysis of a surface sample (23S/UlE-8j) from Mountain Springs Canyon

indicates that suitable quality water flows from this canyon to the basin.

As shown on Table 55> water from this source has been rated as suitable

for domestic and irrigation uses.
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Rose Valley Ground Water Basin (6-36)

Rose Valley Ground Water Basin, shown on Figure 50, is a rec-

tangular-shaped, northerly trending area of about 61 square miles located

in the southwest corner of Inyo County, within the Searles Lake Drainage

Basin, (No. 21).

This basin is bounded on the north by an alluvial high, on the

east by Coso Range, on the south by Volcano Peak, and on the west by the

Sierra Nevada.

Mountain peaks in the Sierras rise to elevations of over 9>000

feet, those in the Coso Range attain an elevation of over 6,000 feet.

The valley floor ranges in elevation from 3A^ feet at Little Lake, to

U, 200 feet along the west side of the basin.

Geology

An alluvial high on the north occurs between the pre-Tertiary

granitic rocks of the Sierra Nevada to the west and the Tertiary granitic

and Tertiary volcanic rocks of the Coso Range to the east. Pre-Tertiary

granitic and Quaternary volcanic rocks occur to the south in the Red Hill-

Volcano Peak area.

Quaternary alluvium is exposed over most of the basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least I76 feet. The dry lake in Rose Valley basin is a

dry type of playa; it is one of the smallest in the Lahontan Region.

Water Supply

The principal source of ground water replenishment in Rose

Valley basin is percolation of streamflow originating in the watershed.
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The valley floor annually receives about five inches of pre-

cipitation. Precipitation at the higher elevation, in the Sierra Nevada,

may be as much as 25 inches annually, making this the area of greatest

runoff in the basin. All runoff flows to the center of the valley and

then southerly. A slight ridge in the valley floor just north of Red Hill

blocks the surface flow causing water to pond; eventually it evaporates,

leaving several small playas.

Lower Haiwee Reservoir, which extends over the divide between

Owens and Rose Valleys, regulates the flow of water from the Owens River

to the City of Los Angeles. Although water from the Owens River is not

available for use in the Rose Valley basin because it is exported by con-

duit, some inflow to the basin may result from seepage from the reservoir.

The fans of the Sierra Nevada are considered to be the principal

recharge areas and are capable of a moderate to high recharge rate.

Ground water in the Recent and underlying older alluvium, moves south

toward Little Lake. This lake, maintained by spring flow, is bounded

on its southern edge by volcanic rocks which probably prevent or impede

underflow to Indian Wells Valley.

The depth to water ranges from flowing conditions at Little

Lake to l'4-2 feet below the surface at Coso Junction. The water table

gradient between these two points is about ten feet per mile.

Development and Utilization .

The valley has experienced very little development and ground

water is utilized mainly for domestic purposes. About 125 people have

permanent residence in the basin area, most of whom reside at Little Lake

-Ul2-



and Coso Junction. Most of the land in the valley is owned by the federal

government and is not used. Little Lake, a small privately ovmed body

of water in the southern end of the valley, is used for recreational

purposes. An irrigable area exists in the northwest part of the basin

but the depth to ground water is considerably greater (1^4-2 feet at Coso

Junction) than in the southern part of the basin.

About six wells in the valley are pumped and the water is

mainly used for domestic purposes; these wells are at Little Lake and

Coso Junction. In addition, spring water is utilized at several locations.

Spring water is piped from Talus and Sacatar Canyons of the Sierra Nevada

to the valley floor. Residents at Little Lake and at the Lewis Ranch

(two miles west of Coso Junction) also utilize spring water. It is esti-

mated that a total of 50 acre-feet of water is utilized annually in the

valley.

Water Quality . As shown on Figure 50 and Table 56, the quality

of ground water in the northwest portion of the valley is suitable for

irrigation or domestic use. Total dissolved solids content in these

waters is about 350 ppm. Analyses of water from wells and springs near

Little Lake, however, show that the water is high in boron, averaging

^.0 ppm, and therefore it would be rated as inferior for irrigation.

The total dissolved solids content of this water is also high, ranging

from 700 to 1300 ppm, therefore, some waters are rated as marginal for

domestic use.

The character of the ground water in the northwest portion of

the basin is calcium-magnesium bicarbonate, but in the south end of the

basin the sodium ion replaces calcium or magnesium.
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Darvln Valley Ground Water Basin (6-^7)

Darwin Valley Ground Water Basin, shown on Figure 51, is a

long, narrow northerly trending area of about TO square miles located in

the southeast portion of Inyo County, within the Searles Lake Drainage

Basin (No.21).

Darwin Basin is bordered on the north by Ophir Moxintain, by the

Argus Range on the east and southeast, and by the Coso Range on the south-

west and west.

The Argus Range attains a maximum elevation of 8,839 feet and

the Coso Range reaches an elevation of 8,l60 feet. The floor of the basin

ranges in elevation from 3>500 feet at the northwest corner to 5>800 feet

along the southern limits of the basin.

Geology

Pre-Tertiary granitic rocks. Paleozoic sediments, and Quaternary

volcanic rocks occur to the north in the Ophir Moiontain area. In the Argus

Range to the east and southeast, pre-Tertiary granitic rocks and Paleozoic

sediments occur with some Quaternary volcanic rocks. The Coso Range to the

west and southwest consists of pre-Tertiary granitic and Quaternary volcanic

rocks

.

Quaternary alluvium is exposed over most of the basin floor.

The alluvium comprises the upper portion of the valley fill which extends

to a depth of at least 250 feet. Outcrops of Tertiary and/or Qxiatemary

sediments occur in the foothills along the eastern and western margins of

the basin. A prominent structural feature in the Ophir Movintain area is

the westerly trending Darwin fault.
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Water Supply

The principal source of ground water replenishment in the Darwin

Valley Ground Water Basin is percolation of streamflow originating in the

watershed.

The basin receives an ajmual rainfall of about five inches.

Runoff is derived mainly from the Argus and Coso Ranges where precipitation

at the higher elevations may be as much as 10 inches annually. The northern

two-thirds of the basin is drained by Darwin Wash in which runoff flows

northward to the end of the basin and then northeastward to Panamint Valley.

Runoff may also reach the Darwin Wash by way of Lucky Jim Wash, which drains

the northwest arm of the valley. The southern one-third of the basin drains

to Carricut Lake and southeasterly to Water Canyon which is tributary to

Panamint Valley.

The fans of the Argus and Coso Ranges are the principal recharge

areas and are capable of a moderate to high recharge rate. Grotmd water

in the Recent and underlying older alluvium moves predominantly northward,

flowing from this basin to Panamint Valley basin via Darwin Wash. Depth

to water in the northeast end of the basin at well I9S/UIE-16GI is about

19 feet. During periods of pumping, the depth to water increases to about

38 feet. In test well 21S/1+1E-25N1, at the Junction Ranch, water was found

at a depth of 2^2.5 feet.

Development and Utilization . The development of the valley began

in 187^ when lead, silver, and zinc deposits were discovered. The town of

Darwin boomed to a population of 5,000 by I88O, but by I888 mining had

nearly ceased; mining operations have been intermittent since that time.
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The town of Darwin was reported to have obtained its water by pipeline

from Coso Springs, which is about eight miles southwest of Darwin in the

Coso Range. These springs are about one and one-half miles east of Coso

which was a prominent mining and agricultural settlement in the early

1900' s, as well as a stopping point for travelers. Jimction Ranch, which

is in the southern end of the basin, was also a main stopping point. Both

of these settlements received their water supplies from springs.

Civilian activity is centered in the northern end of the basin,

because the southern two-thirds is part of a Naval Reservation. Water for

the Darwin area is obtained from wells at the head of Darwin Cajiyon in

Darwin Wash. This wash is used for the domestic supply at Darwin as well

as for the mining operations. In I96O, the area was almost inactive and

very little ground water was being utilized. At that time, about 75 people

had residence in the valley. It is estimated that 15 acre-feet of groiind

water is extracted annually, but during prior periods of mining, extraction

was probably about 200 acre-feet per year.

Water Quality . Analyses of ground water from well lSB/klE-l60tl

indicate that the water is of suitable quality for domestic and irrigation

uses, as shown on Table 57. However, water from well 19S/i4-lE-17Al, which

is about three-quarters of a mile west of this well is rated as marginsil

because of the boron content (I.65 ppm) and the stilfate content (268 ppm).

This difference in quality may be due to the fact that well 19S/41E-17A1

evidently is perforated in the older alluviian, whereas the Darwin wells

are in a narrow strip of Recent alluvium along Darwin Wash. Water obtained

from the wells in Darwin Wash eirea has a total dissolved solids content of
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about 350 ppm, and is calcitun-sodium bicarbonate- siilfate in character.

Water from well 19S/i|-lE-17Al has a total dissolved solids content of about

750 ppm and is sodium-calcium sulfate-bicarbonate in character.
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Panamint Valley Ground V/ater Basin (6-^8)

Panamint Valley Ground Water Basin, shown on Figure 52 is a

long, relatively narrow, northerly trending area of about 3^5 square miles

located in the southern part of Inyo County, within the Searles Lake

Drainage Basin (No. 21).

The basin is bordered on the north and east by the Panamint

Range, on the west by the Argus Range, and on the south by the Slate Range.

The Panamint Mountains on the east reach a maximum elevation of 11,0^+9

feet and the Argus Mountains on the west reach a maximum of 8,839 feet.

Elevations of the valley floor in the northern end of the basin rise to

2, 800 feet, while those in the southern tip of the basin rise approxi-

mately to 1,400 feet.

Two dry lakes are located in the basin: Upper Panamint Lake

in the northern portion of the valley, and Lower Panamint Lake in the

southern part. Upper Panamint Lake occupies an area of 6.6 square miles

and stands at an elevation of 1,5^+2 feet. Lower Panamint Lake includes

an area of 17.5 square miles and stands at an elevation of 1,021 feet.

The dry lakes are separated by a ridge which rises gently to an eleva-

tion of 1,760 feet.

Geology

The Panamint Range to the north consists largely of pre-Tertiary

granitic rocks; to the east, it consists predominantly of pre-Tertiary

metamorphic rocks and Tertiary-Quaternary sediments. Pre-Tertiary gran-

itic rocks. Paleozoic sediments, and Quaternary volcanic rocks occur in

the Panamint Range to the east, as well as in the Slate Range to the south

and southwest, and the Argus Range to the west.
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Tertiary and/or Quaternary sediments occvir in the foothills and

in other parts of the basin. Quaternary alluvium is exposed over much of

the basin floor. The alluvitun comprises the .upper portion of the valley

fill which extends to a depth of at least 800 feet. Quaternary dune sand

deposits occur in the northern part of the basin near Upper Panamint Lake,

a dry type of playa. Lower Panamint Lake to the south is a moist, clay-

encrusted type of playa. A series of faults, which roughly parallel the

northerly trend of the basin, may act as barriers to ground water movement.

Water Supply

The sources of ground water replenishment to the basin are per-

colation of streamflow originating in the watershed and deep penetration

of rainfall. The annual rainfall on the valley floor is about three or

four inches; precipitation on the upper peaks of the Panamint Range may

be as much as 12 inches. In addition to the drainage from the surrounding

mountains, Brown Mountain Valley basin and portions of Darwin and Pilot

Knob Valley basins drain to Panamint Valley basin. Runoff flows down niom-

erous canyons or washes to the valley floor and then toward one of the

dry lakes in irregular channels. Much of the water which reaches the

valley floor is lost to evaporation.

The alluvial fans of the Argus, Panamint, and Slate Ranges are

the main recharge areas and are probably capable of a high recharge rate.

Subsurface inflow from Darwin basin enters Panamint basin by way of Darwin

Wash; there may also be some subsurface inflow from Brown Mountain basin.

Ground water in Recent and underlying older alluviim moves southerly to-

ward the vicinity of Lower Panamint Lake.
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Depth to water in the northern half of the basin is not known,

but the presence of the dry lake indicates that the water table is more

than 10 feet below the lakebed surface. Hovj-ever, the depth to water under

Lower Panamint Lake, which is 500 feet lower in elevation than Upper Pana-

mint Lake, is only three or four feet. A hydraulic gradient of about seven

feet per mile exists in an east-west direction between well 21S/U3E-25C1,

and well 21s/hkE-2^KL.

Development and Utilization . People were first attracted to

Panamint Valley by gold, silver, and copper strikes in the latter part

of the 19th century. Rich discoveries of copper and silver near the head

of Surprise Canyon in Panamint Range brought a population of 5,000 to

Panamint City by 187^. This town was destroyed in I876 by a summer cloud-

burst which flooded the canyon. The settlement of Ballarat at the base

of the Panamint Mountains had several hundred occupants at that time and

served as a general supply point for the mines throughout the adjacent

area. About 60 people presently inhabit the valley.

In the 1890 's several wells existed near Ballarat, however,

these wells are now destroyed or are not in use. Well 21S/U3E-25C1 was

drilled in 1955 in the central portion of the valley for use in a mining

operation. However, this well was used only a short time and was aban-

doned prior to 1960 because the mining operation ceased. As of 19^0, all

known wells in the basin still in existence were not in use since suffic-

ient quantities of water were obtained from springs or surface flows.

About 100 acre-feet of water is used annually in the basin.

The water from the springs and surface flows is used mainly for domestic
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purposes. An exception is the springs a few miles north of Ballarat, J

emanating from the base of the Panamint Mountains, which irrigate small

areas of grass or pasture for stock grazing. The Panamint Springs Resort,

1located on Highway I90 at the northwest edge of the valley, uses water

from Darwin Palls. These falls are the result of rising ground water

which moves from Dairwin Valley basin into Panamint Valley basin. Water

is piped approximately 5-1/2 miles from the falls to the resort.

Water Quality . The most prominent water quality problem in the

basin is the high sulfate concentration, as shown on Table 58- Twenty-

two analyses show sulfate concentrations from 12 to 736 ppm with a mean

of 268 ppm.

The ground water from well 22S/'<-'4-E-Ujl near Ballarat and north

to Sulfur Springs (21sAi<-E-10Kl) is rated as inferior for domestic use

due to fluoride and sulfate concentrations. These waters are also rated

as suitable to inferior in quality for irrigation use because of the con-

centrations of chloride. Ground water in the vicinity of the dry lakes

is probably mineralized to a higher degree than that found on the higher

slopes away from the lakebed. In 1955> ground water in the central part

of the valley from well 21SA3E-25C1, had a total dissolved solids con-

tent of 782 ppm and was rated as suitable for irrigation or domestic pur-

poses. Since that time, however, bailed samples of water from this well

indicate that the total dissolved solids content has increased to 1,150 ppm.

This water has a sodium-calcium chloride character.

Water from springs in the surrounding mountains is rated from

suitable to inferior in quality for domestic purposes. The total
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dissolved solids content of these springs ranges from 158 to 1,995 ppm

and averages 732 ppm. Water from springs which contains moderately high

concentrations of sulfate has been rated as marginal or inferior for dom-

estic uses. Most springs on the east side of the basin have a calcium

sulfate character, whereas the other springs in the basin have varied

character.

The water from Darwin Falls (l9S/4lE-3Dl) in the northwest end

of the valley is rated as marginal for domestic use because it has a fluor-

ide concentration of 1.2 ppm.
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Kelso Landers Valley Ground Water Basin (6-69)

Kelso Landers Valley Ground Water Basin, shown on Figure 53, is

an elliptically shaped northwesterly trending area of about 17 square miles

located in the east portion of Kern County, within the Searles Lake Drain-

eige Basin (Wo. 2l).

This basin is completely encircled by the Sierra Nevada whose

peaks in this area rise to elevations of 7^700 feet. Elevations of the

basin floor range from about 3^600 feet in the southern end, to 5,000 feet

in the northern portion of the basin.

Geology

The basin, which forms a slight depression in the Sierra Nevada,

is surrounded on all sides by pre-Tertiary granitic roclis except for the

southeast corner which consists of Paleozoic sediments.

Quaternary alluvium is exposed over most of the basin floor. The

alluvium comprises the upper portion of the valley fill which extends to a

depth of at least 125 feet.

Water Supply

The principal source of ground water replenishment in the Kelso

Landers Valley Ground Water Basin is percolation of streamflow originating

in the watershed. The valley floor receives an annual rainfall of six or

seven inches. Large quantities of runoff are drained from the basin by

way of Cottonwood Creek which originates on the northwest side of the basin.

This creek passes out of the basin through its southern end into Jawbone

Canyon which drains toward Fremont Valley basin.
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Kelso Landers Valley Ground Water Basin (6-69)

Kelso Landers Valley Ground Water Basin, shown on Figure 53, is

an elliptically shaped northwesterly trending area of about 17 square miles

located in the east portion of Kern County, within the Searles Leike Drain-

age Basin (Wo. 21 ).

This basin is completely encircled by the Sierra Nevada whose

peaks In this area rise to elevations of 7,700 feet. Elevations of the

basin floor range from about 3^600 feet in the southern end, to 5,000 feet

in the northern portion of the basin.

Geology

The basin, which forms a slight depression In the Sierra Nevada,

is surrounded on all sides by pre-Tertiary granitic roclis except for the

southeast corner which consists of Paleozoic sediments.

Quaternary alluvium is exposed over most of the basin floor. The

alluvium comprises the upper portion of the valley fill which extends to a

depth of at least 125 feet.

Water Supply

The principal source of ground water replenishment in the Kelso

Landers Valley Ground Water Basin is percolation of streamflow originating

in the watershed. The valley floor receives an annual rainfall of six or

seven inches. Large quantities of runoff are drained from the basin by

way of Cottonwood Creek which originates on the northwest side of the basin.

This creek passes out of the basin through its southern end into Jawbone

Canyon which drains toward Fremont Valley basin.
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The alluvial fans fringing the basin are considered to he the re-

charge areas and are probably capable ol' a moderate recharge rate. Ground

water in Recent and underlying older alluvial deposits, uoves to the south,

probably passing across the basin boundary into Fremont Valley basin.

Depth to vra-ter ranges from 125 i'eet at well 29S/35E-8ia to flovdng condi-

tions at well 29S/35E-2IKI.

Development and' Utilization . Development in the basin has been

mainly stock ranching. Some land has been cleared and irrigated in the

past but at present there is no irrigated area in the valley. All wells

are windmill po\rered and are utilized for stock or domestic purposes. Most

of these wells are in the southern half of the basin irhere ground water is

found at shallower depths. It is estimated that about five acre-feet of

ground \ra,ter is annusLLly extracted from the basin.

Water Quality . As shoi.Ti on Figure 53 and Table 59> "the ground

water of this basin is considered to be marginal to inferior for domestic

use due to fluoride concentrations that vary from O.9 to 2.3 ppm and average

1.5 ppm. However, this water is suitable for stocK because fluoride con-

centrations of this level have no Lnov/n detrimental effects on cattle. With

the exception of water from well 29S/35E-33H1, which is rated as marginal,

the ground vreiter is also rated as suitable for irrigation use. The total

dissolved solids content of the ground water ranges from 36I to 1,300 ppm

and the chairacter of the water is variable.
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Brovn Mountain Valley Ground Water Basin (6-76)

Brown Mountain Valley Ground Water Basin, shown on Figure 5U,

is a small northerly trending area of about 32 square miles, located in

the northwest portion of San Bernardino County, within the Searles Lake

Drainage Basin (No. 21).

This basin is bordered by the Panamint Range on the northeast,

and by the Slate Range on the south and southwest. Brown Mountain rises

to an elevation of 5,131 feet; several peaks in the Slate Range exceed

5,000 feet in elevation. The valley floor ranges in elevation from 1,630

feet at the northern limits of the basin to about 2,800 feet along its

east and west sides.

Geology

The Panajnint Range to the northeast consists of a variety of

rock types including pre-Tertiary granitic and Tertiary-Quaternary

volcanic rocks . Tertiary volcanic rocks occur to the east in the Brown

Mountain area. The Slate Range to the south and west consists of pre-

Tertiary granitic and metamorphic rocks and to the northwest of Tertiary-

Quaternary volcanic rocks. Quaternary alluvium, which is exposed over

much of the basin floor, comprises the upper portion of the valley

fill.

Water Supply

The principal source of ground water replenishment in Brown

Mountain Valley Ground Water Basin is percolation of streamflow originating

in the watershed. The valley annually receives about 5 inches of rainfall.

Runoff from the watershed flows toward the central axis of the basin and
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then northward into Panamint Valley basin. Although Pilot Knob Valley

basin to the south drains into Brown Mountain Valley basin, the stream

channels axe normally dry and Brown Moimtain VauLley basin receives very

little inflow from that source.

The alluviail fans extending from the Slate Range and from Brown

Mountain are considered to be the recharge areas, and recharge probably

occurs at a moderate rate. Ground water in the Recent and underlying

older alluvial deposits moves to the north. There may be some subsurface

inflow from Pilot Knob basin and some subsurface outflow to Panamint

Valley basin. A buried bedrock ridge at the northern end of Brown Moim-

tain Valley basin may act as a partial barrier to ground water outflow.

Development and Utilization. Mning activities in the Slate

Range constitute the only development in the valley other than activities

that may take place on the Naval Reservation. No wells are known to exist

in the basin and all water is obtained from springs on the west side of the

basin. During the late iSOO's a stage station existed near Lone Willow

Spring (26S/45E-2IXI) and water was piped from the spring to the station.

The "Twenty Mxile Teams" used this station as a watering point when they

hauled borax from Death Valley to Mojave. The station has long since been

destroyed and the spring is now marked on topographic maps of the area as

containing undrinkable water.

Water Quality. Samples from Lone Willow Spring (26s/i+5E-21Xl)

and Early Spring (26s/i»-5E-22Xl) were collected in I918. As shown on Table 60,

the analyses indicated that the quality was suitable for domestic and
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irrigation uses; however, fluoride and boron were not determined. The

total dissolved solids content in water from Lone Willow Spring was

962 ppm, water from Early Spring had a toteil solids content of 652 ppm.
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Grass Valley Ground Water Basin (6-77)

Grass Valley Ground Water Basin, shown on Figure 55) is a small

irregularly shaped area of about 29 square miles, located in the western

part of San Bernardino County, within Searles Lake Drainage Basin (No. 21).

The basin is bounded on the north and west by low hills, by

Slocum Mountain on the east, and by the Gravel Hills on the south.

Slocum Mountain attains a maximum elevation of 5jl2^ feet; the valley

floor ranges in elevation from 3>200 feet at the southeast corner to

3,800 feet on the north.

Geology

Pre-Tertiary granitic rocks occur in the hills to the west and

north and in the Slocum Mountains area to the east. The Gravel Hills to

the south consist of pre-Tertiary granitic rocks and Tertiary sediments.

Alluvial divides also occur to the east and west between the basin and

adjoining areas. Quaternary alluvium, which is exposed over much of the

basin floor, comprises the upper portion of the valley fill.

Water Supply

The principal source of ground water replenishment in the Grass

V^ley Ground Water Basin is percolation of streamflow originating in the

watershed. The annual rainfall is approximately seven inches. Surface

flow in the valley is limited to the runoff from the surrounding mountains,

most of which drains down a single wash in the southern portion of the

valley. This wash drains to the south through Black Canyon into Harper

Valley basin.
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Ground water in the Recent and underlying alluvial deposits

probably moves towards the south. The depth to water in 1955 at well

30S/UUE-35E1, the only known well in the basin, was 86.1 feet.

Development and Utilization . The United States Naval Reser-

vation covers most of the basin. Part of the land is leased for graz-

ing and well 30S/UUe-35E1 is used for the watering of stock. The

estimated ground water extraction of the basin is less than two acre-

feet per year. There are no known inhabitants in the basin area.

Ground Water Quality . The water at well 30S/l4-lj-E-35El

has a total dissolved solids content of it-73 ppm and is suitable for both

domestic and irrigation uses, as shown on Table 6l. The ground water

throughout the valley is probably similar in quality. The general char-

acter of the water from this well is sodium chloride-sulfate.
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APPENDIX A

DEFINITION OF TERMS

The following terms are defined as used in this report.

Anticline - A fold in rocks in which the strata dip in opposite directions

from a common ridge or axis, like the roof of a house.

Aquifer - A formation or part of a formation which transmits water in suffi-

cient quantity to supply pumping wells or springs.

Artesian Well - Any artificial opening in the ground through which water

naturally flows from subterranean sources to the surface of the ground.

Character of Water - A classification of water based on determination of

the predominant anions and cations in equivalents per million (epm)

.

Specifically, the name of an ion is used where its chemical equivalent

constitutes one-half or more of the total ions for its appropriate

group. For example, sodium chloride water is water in which the

sodium is equal to or greater than 50 percent of the cations; sodium

calcium chloride water is water in which the sodium is more abundant

than the calcium, but is less than 50 percent of the total cations;

and sodium chloride-sulphate water is water in which chloride exceeds

sulphate but is less than 50 percent of the total anions.

Confined Ground Water - A body of ground water overlain by material suffi-

ciently impervious to sever free hydraulic connection with overlying

ground water except at the intake. Confined ground water moves in

conduits under pressure due to the difference in head between the

intake and discharge areas of the confined water body.

Connate Water - Water entrapped in the interstices of a sedimentary rock

at the time it was deposited. This water may be fresh, brackish, or
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saline in character. Because of the dynamic geologic and hydrologic

conditions in California this definition has been altered in

practice to apply to water in older formations, even though the

water in these formations may have been altered in quality since

the rock was deposited.

Contamination - Defined in Section 13005 of the California Water Code:

"an impairment of the quality of the waters of the State by sewage

or industrial waste to a degree which creates an actual hazard to

public health through poisoning or through the spread of disease. • . .

Jurisdiction over matters regarding contamination rests with the State

Department of Public Health and local health officers.

Degradation - Impairment of the quality of water due to causes other than

disposal of sewage and industrial waste.

Deterioration - An impairment of water quality.

Evapo transpiration - That portion of the precipitation returned to the

atmosphere through direct evaporation or by transporation of

vegetation.

Equivalents Per Million (epm) - Equivalent weights of solute contained in

one million parts by weight of solution. For practical purposes, epm

is the same as milliquivalents per liter.

Free Ground Water - Water in interconnected interstices in the zone of

saturation down to the first impervious barrier, moving under the

control of the water-table slope.

Ground Water - That part of the subsurface water in the zone of saturation.

Ground Water Basin - As used herein, is defined as an area underlain by

water-bearing sediments capable of storing and yielding a ground water

supply.
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Hydraulic Gradient - Under unconfined ground water conditions, it is the

slope of the profile of the water table. Under confined ground water

conditions, it is the slope of the line joining the elevations to

which water would rise in wells perforated in a confined aquifer.

Impairment - A change in quality of water which decreases its suitability

for beneficial use.

Industrial Waste - Defined in Section I3OO5 of the California Water Code:

"any and all liquid or solid water substance, not sewage, from any

producing, manufacturing or processing operation of whatever nature."

Mineral Analysis - The quantitative determination of inorganic impurities

or dissolved mineral constituents in water.

Perched Ground Water - Ground water occurring in the saturated upper zone

separated from the main ground water body by impervious material.

Overdraft - The average annual decrease in the amount of ground water in

storage that occurs during a long time period, under a particular

set of physical conditions affecting the supply, use, and disposal

(including extractions) of water in the ground water basin.

Parts Per Million (ppm) - One part of solute per million parts of solu-

tion by weight at 20° C.

Percolation - The mcrvonent of water through the interstices of a soil or

other porous media.

Permeability - The ability of a rock to transmit a fluid. The degree of

permeability depends vrpon the size and shape of the pores, and

upon the size, shape, and extent of the pore interconnections.

Playa - A nearly level portion of a desert basin in which water collects

and evaporates. The playa is characterized by the accumulation of
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fine-grained sediments and/or salts.

Pollution - Defined in Section 13005 of the California Water Code: "an

impairment of the quality of the waters of the State by sewage or

industrial waste to a degree which does not create an actual hazard

to the public health but which does adversely and unreasonably

affect such waters for domestic, industrial, agricultural,

navigational, recreational or other beneficial use, or which does

adversely and unreasonably affect the ocean waters and bays of the

State devoted to public recreation. ' Regional Water Pollution

Control Boards are responsible for prevention and abatement of

pollution

.

Pressure Area - A ground surface area underlain by an aquifer ccncaining

confined ground water.

Recharge - The process of replenishment of the ground water reservoir

through natural or artificial means.

Safe Yield - The average annual amount of ground water that could be

extracted from a ground water basin over a long time period which

would not affect a long time net change in storage of ground water;

the extractions must occur under a particular set of physical

conditions affecting the water supply, use, and disposal of water

in the ground water basin.

Saturation, Zone Of - The zone below the water table in which all

interstices are filled with ground water.

Sewage - Defined in Section 13005 of the California Water Code: "any and

all waste substance, liquid or solid, associated with human

habitation, or which contains or may be contaminated with human or
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animal excreta or excrement, offal, or any feculent matter." As used

in this report, sewage is included as part of the waste waters

carried by community sewer systems.

Syncline - A fold in rocks in which the strata dip inward from both sides

toward a common axis, like the inverted roof of a house.

Total Dissolved Solids (TDS) - The dry residue from the dissolved matter

in an aliquot of a water sample remaining after evaporating the

sample at a definite temperature.

Total Radioactivity - The combination of alpha, beta, and gamma activity

in water reported in picocuries per liter (lO"-'-^ curies/liter) or

2.22 disintegrations per minute per liter.

Unconfined Ground Water - Ground water in the zone of saturation not

confined beneath an impervious formation and moving under the

control of the water table slope.

Water Quality - Those physical, chemical, biological, and radiological

characteristics of water affecting its suitability for beneficial

uses.

Water Quality Use Rating - The system of classifying water as suitable,

marginal, and inferior quality for domestic and irrigation use

used in this report. The rating used in this report is adapted to

this particular area of investigation; it is based on the United

States Public Health Service Standards for drinking water and the

University of California Criteria for Irrigation Waters. In

arriving at the rating, due consideration was given to such factors

as climate, soil and crop types, physiological and aesthetic

effects, and the availability of alternate sources of water.
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Water Utilization - The employment of all waters by nature or man,

whether consumptive or nonconsumptive, including that portion of

the applied water which is irrecoverably lost.

Waste Water - The water that has been put to some use or uses and has

been disposed of, commonly to a sewer or wasteway. It may be

liquid industrial waste, or sewage, or both.

I

A-6



APPENDIX B

BIBLIOGRAPHY





APPENDIX B

BIBLIOGRAPHY

The following reports, bulletins, and abstracts were reviewed

during the course of this investigation. These publications comprise the

primary background materials in this study, although this list is by no

means exhaustive.

Bailey, T. L., and Johns, R. H. "Geology of the Transverse Range Province,
Southern California." California Division of Mines, Bulletin I70,

Chapter I, pp. 83-IO6. 195i<-.

Bateman, P. C. "Owens Valley Region." California Division of Mines,
Bulletin I70, Map Sheet No. 11. 195^.

Birman, Joseph M. "Pleistocene Glaciation in the Upper San Joaquin Basin,

Sierra Nevada." California Division of Mines, Bulletin I70. 195^.

Blackwelder, Eliot. "Pleistocene Glaciation in the Sierra Nevada and Basin
Ranges." Geological Society of America Bulletin, Volume k2, pp. 865-

922. 1931-

. "Lake Manly. An Extinct Lake of Death Valley." Geological Review,
Volume 32, pp. kSh-k-Jl. I933.

Blackwelder, Eliot, and Ellsworth, E. W. "Pleistocene Lakes of the Afton
Basin, California." American Journal of Science, 5th Series, Vol. 31>

pp. i^53-^3. 1936.

Blaney, H. G., and Ewing, Paul A. "Utilization of the Waters of Mojave
River, California." United States Department of Agriculture,

Division of Irrigation, Bureau of Agricultural Engineering. 1935*

Bowen, 0. E., Jr. "Geology and Mineral Deposits of the Barstow Quadrangle,
California." California Division of Mines, Bulletin I65. 195^*

Buwalda, J. P. "Pleistocene Beds at Manix in the Eastern Mojave Desert
Region." University of California, Department of Geology Bulletin,
Volume 7, pp. kk3-k6k. 191^-

Byers, F. M., Jr. "The Alvord Mountains Quadrangle, California." United
States Geological Svtrvey, in press. 195^-

California State Department of Conservation, Division of Mines and Geology.

"Geologic Map Sheets of California." Scale 1:250,000.

B-1



California State Department of Public Works, Division of Water Resources.
"Mojave River Investigation." Bulletin No. h^ . 193^.

"Report to the Assembly of the State Legislature on Water Supply
of Antelope Vgilley in Los Angeles and Kern Counties Pursuant to
House Resolution Number 101 of February l6, 19^5." May I9U7.

"Oak Creek Investigation." April 1951.

"Water Quality Investigation Report No. 3> Ground Water Basins
in California." November 1952.

"Investigation of Mojave River, Barstow to Yermo." December 1952.

"Memorandum Report on Water Conditions in Antelope Valley." January
1955.

"Memorandum Report on V/ater Conditions in Antelope Valley in Kern,
Los Angeles, and San Bernardino Counties." February 1955

•

"Mojave River Vsilley Investigation, Victoarville to Barstow, Lahontan
Region." June 1955.

Investigation of Vfeter Supply of Mojave River Fish Hatchery."
November 1955.

"Office Report on Water Well and Ground Water Data in Pahrunq), Mesquite,
Ivanpah, Lanfair, Fenner, Chuckawalla, and Jacumba Valleys." January
1956.

"Antelope Valley Investigation, Laiiontan Region." April 195^.

California State Department of Water Resources. "Memorandum Report on
Investigation of Future Southern California V7ater Requirements."
July 1956.

"Ground Water Q^ality Studies in Mojave River Valley in the Vicinity
of Barstow, San Bernardino County." A report to the Lahontan Regional
Water Pollution Control Board No. 6. June 196O.

"Data on Water Wells in the Eastern Part of Middle Mojave River
Valley Area, San Bernardino County, California." Avigust I96O.

California State Water Resources Board. "V/ater Resources of California."
Bulletin No. 1. 1951.

"Water Utilization and Requirements of California." Bulletin No. 2,

Volumes 1 and 2. June 1955.

B-2



Dibblee, T. W., Jr. "Geology of Fremont Peak and Opal Mt. Quadrangles,
California." Unpublished Manuscript.

. "Geology of the Saltdale Quadrangle, California." California
Division of Mines, Bulletin l60, pp. 7-h3. 1952.

Ewing, Paul A. "The Irrigation Development of Antelope VaJLley, California."
United States Department of Agriculture, Division of Irrigation, Soil
Conservation Service. October 19^5-

Gale, H. S. "Salines in the Owens, Searles, and Panamint Basins, South-
eastern California." United States Geological Survey, Bulletin 58O-L,

pp. 251-323. 191^-

Gardner, Dion L. "Gold and Silver Mining Districts in the Mojave Desert
Region of Southern California." California Division of Mines, Bulletin

170, Chapter 8, pp. 51-58- 195^.

Hazzard, J. C. "Paleozoic Section in the Nopah and Resting Spring Mountains,

Inyo Coimty, California." California Journal of Mines and Geology,
Volume 33, pp. 273-339. 1937.

Hewett, D. F. "Geology and Mineral Resources of the Ivanpah Quadrangle,
California, California-Nevada." United States Geological Survey
Prof. Paper 275- 195^-

Hill, M. L. and Dibblee, T. W. Jr. "San Andreas, Garlock and Big Pine
Faults." Geological Society of America Bulletin, Volume 6^4-, pp. kk^-

^58. 1953.

Hubbs, C. L. and Miller, R. R. "The Great Basin with Emphasis in Glacial
and Post-glacial Times; the Zoological Evidence; Correlation between
Fish Distribution and Hydrographic History in the Desert Basins of
Western United States." University of Utah Bulletin, Volume 38,

pp. 18-166. 1914-9.

Hulin, C. D. "Geology and Ore Deposits of the Randsburg Quadrangle,

California." California Division of Mines, Bulletin 95, p. 152. 1925.

Jenkins, 0. P. "Geologic Map of California." California Division of Mines.

1938.

"Geologic Formations and Economic Development of the Oil and Gas
Fields of California." California State Division of Mines, Bulletin
118. I9U3.

Johnson, H. R., "Water Resources of Antelope Valley, California." United
States Geological Sur^/ey, Water Supply Paper 278. 191I.

Keyes, C, R. "Borax Deposits of the United States." American Institute of

Mining Engineers Transactions, Volume UO, p. 69^. 1910-

B-3



Knopf, Adolph. "A Geologic Reconnaissance of the Inyo Range and Eastern
Slope of the Southern Sierra Nevada." United States GeologicaJ. Survey
Prof. Paper 110. 1918.

Lee, C. H. "An Intensive Study of the Water Resources of a Part of Ov/ens

Valley, California." United States Geological Survey, Water Supply
Paper 29U. 1912.

Lee, W. T. "Geology and Water Resources of 0\vens Valley, California."
United States Geological Survey, Water Supply Paper l3l. 1906.

Litz, Marion G., Bond, Charles F., and Donnan, William W. "Sprinkler
Irrigation Triails- -Antelope Valley Soil Conser\'ation District."
United States Department of Agriculture, Division of Irrigation,
Soil Conservation Service. March 1951-

Los Angeles County Flood Control District. "Geologic Features of Antelope
Valley, California." October 19kG.

Ifeson, J. F. "Geology. of the Tecopa Area, Southeastern California."
Geologic Society of America Bulletin, Volvune 59, pp. 333-352. 19^.

Matthes, F. E. "Geologic History of the Yosemite Valley." United States
Geological Survey, Prof. Paper I60, p. 137. 1930.

Mumford, Russell W. "Deposits of Saline Minerals in Southern California."
California Division of Mines, Bulletin 17O, Chapter VIII, pp. 15-22.

195^.

Noble, Levi F. "The San Andreas Rift and Some Other Active Faults in the
Desert Region of Southeastern California." Seismological Society of
America Bulletin, Volume 17, pp. 25-39- 1927*

Poland, J. F. "Ground Water in California." Trans. AIME, Volume I87.

February 1950.

Ritchie, C. F. "Indian Wells Valley Water." American Potash and Chem-
ical Corporation, Research and Developments Department, Trona,
California. February 19^2.

Sharp, Robert P. "Some physiographic Aspects of Southern California."
California State Division of Mines, Bulletin I70, Chapter V,

pp. 5-10. 195lf.

Simpson, T. R. "Utilization of Ground V/ater in California." ASCE Trans-
actions. 1952.

Snyder, J. Herbert. "Ground V/ater Overdraft." Division of Agricultural
Sciences, University of California, California Agriculture,
California Agriculture, Volume 3, Numbers 3^ ^^) ^^^ 5- March, April,

and May 19 5^.

B-U



Snyder, J. Herbert. "Ground Water in California, The Experience of
Antelope Valley." University of California, A£;;ricultural Experiment
Station. February 1955-

Stone, R. 0. "A Sedimentary Study and Classification of Playa Ledce."

tJniversity of Southern California, I-lasters Thesis. 1952.

Thayer, Warren N. "Geologic Features of Antelope Valley." Los Angeles
County Flood Control District. October 19^5.

United States Department of the Interior, Bureau of Reclamation. "Report
on the Victor Project, California." April 1952.

United States Department of the Interior, Geological Sur^/ey. "Lists and
Analyses of the Mineral Springs of the United States." Bulletin 32.
18B&.

"Geology and Water Resources of Owens Valley, California." Water
Supply Paper l8l. 1905.

"Some Desert Watering Places in Southeastern California and South-
western Nevada." Water Supply Paper 22^. I909.

"Water Resources of Antelope Valley, California." Water Supply
Paper 278. I9II.

"An Intensive Study of the Water Resources as a Part of Owens
Valley, California." V/ater Supply Paper 294. 1912.

"Springs of California." Water Supply Paper 338. I915.

"Routes to Desert Watering Places in the Salton Sea Region, California."
Water Supply Paper 49O-A. I92O.

"Routes to Desert Watering Places in the Mojave Desert Region,
California." Water Supply Paper U90-B. I92I.

"Ground Water in Pahrump, Mesquite and Ivanpah VaJ.leys." Water
Supply Paper 4-50-0. I92I.

"Nitrate Deposits in the Amargosa Region, Southeastern California."
Bulletin 724. 1922.

"Large Springs in the United States." Water Supply Paper 557*

1927.

"The Mojave Desert Region, California, A Geographic, Geologic and
Hydrologic Reconnaissance." V/ater Supply Paper 578. 1929»

"Nitrate Deposits in Southern California." Bulletin 82O. 1931.

B-5



United States Department of the Interior, Geolocical Sur^-ey. "Thermal

Springs in the United States." Water Supply Paper 679-B. 1937*

. "Bibliography and Index of Publications Relating to Ground Water

Prepared by the Geological Survey and Cooperating Agencies." Vfater

Supply Paper 992. 19^7.

"The VJater Situation in the United States with Special Reference

to Ground Water." Circular llU. June 1951*

. "Appendix, Tables of Selected Data to Accompany U.S. Geological
Survey Report on Geology and Gro\md Water of the Inyo Kern Naval
Ordinance Test Station and Vicinity." July 195^«

. "Appendix B, Tables of Basic Data for Areas Outside Edwards Air
Force Base to Accompany Report on Geology and Ground Water Appraisal

of Edwards Air Force Base and Vicinity, California." 195^«

. "Appendix A, Tables of Basic Data for Wells on Edwards Air Force

Base to Accompany Report on Geology and Ground Water Appraisal of
Edwards Air Force Base and Vicinity, CauLifomia." 1955«

"Data on Water Wells in Coyote, Cronise, Soda, and Silver Lake
Valleys, San Bernardino County, California." 1955*

. "Data on Water Wells in Cuddeback, Superior, and Haiper Valleys,

San Bernardino County, California." 195'5.

"Data on Wells in Lucerne, Johnson, and Means Valleys." 195'5.

, "Data on Water Wells in the V/illow Springs, Gloster, and Chaffee
Areas, Kern County, California." 1957

•

. "Data on \7ater Wells in the Upper Mojave Valley Area, San Bernardino
Coiinty, California." I958.

"Data on Water Wells in the Fremont Valley Area, Kern County,

California." 1959-

Ver Planck, William E. "Salines in Southern California." California
Division of Mines, Bulletin I70, Chapter VIII, pp. 5-l4. 195^.

V7alcott, C. D. "Post Pleistocene Elevation of the Inyo Range and the
Lake Beds of the Waucobi Embayment. Inyo County, California."
Journal of Geology, Volume V, No. h, pp. 340-3^8. I897.

Wilcox, L. v.. Hatcher, John T., and Blair, G. Y. "Quality of Water of
the Indian Wells Valley, Csilifomia." United States Department of
Agriculture, United States Salinity Laboratory, Division of Soil
Management and Irrigation, Bureau of Plant Industry, Soils, and
Agricultural Engineering. September 1951-

B-6



APPENDIX C

WELL NUMBERING SYSTEM





APPENDIX C

WELL NUMBERING SYSTM

Locations and well numbers used in this report are referenced by-

use of the United States Public land Survey System, and to the San Bernardino

Base and Meridian or to the Mt. Diablo Base and Meridian. The well numbers

consist of township, range, section number, a letter which indicates the

40-acre lot in which the well is located, and a final niamber which indi-

cates the identity of the particular well within the lot. The subdivision

of a section is shown below:
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